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CLASSES OF SCREW THREADS

United States Standard Thread

Number of Threads per Inch Corresponding to a Given Diameter

. Threads. || . Threads || Diam- | Threads || Diam-| Threads
Diameter | Inch || DB®eter | perinch || eter | perInch || eter | perInch
He 64 134e 10 % 5 3% 3%
¥ 5o % 9 I'¥el 5 3 3%
13 40 1346 9 1% s 33 34

549 36 1 8 IMel 5 3% 3
He 32 14e 7 2 4% 3% 3
Y42 28 4 7 2% 4% 4 3
% 20 13e 7 2% 4% 4% 2%
%e 18 % 7 2% 4 4% 23
3% 16 1¥4e 6 2% 4 43 2%
e 14. 134 6 2% 4 5 2%
% 13 1%e 6 2% 4 5% 2%
He 12 % 6 27 3% 5% 23
" 11 1%e s¥ 3 3% 343 234
14e’ 11 1% (321 34 3% 6 2%
H 10 I'Ye 5% 34 k32 TN | DU TN
Depth of Thread and Width of Flat
Threads Depth of . Threads th of r:
it it Widthof Plat || heacs Dﬂ’r 9 Width of Flat
2% 0.2887 0.0556 18 0.0361 0.0069
% 0.2735 0.0526 20 0.032§ 0.0062
2% 0.2598 0.0500 22 0.0295 0.0057
2% 0.2474 0.0476 24 0.0271 0.0052
2% 0.2362 0.0455 26 0.0250 0.0048
2% 0.2259 0.0435 28 0.0232 0.0045
3 0.216§ 0.0417 30 0.0217 0.0042
3% 0.1998 0.0385 32 0.0203 0.0039
3% 0.1856 0.0357 34 0.0191 0.0037
4 0.1624 0.0312 36 o.o180 0.0035
4% 0.1443 0.0278 38 0.0171 0.0033
5 0.1299 0.0250 40 0.0162 0.0031
5% o.1181 0.0227 42 0.015§ 0.0030
6 0.1083 0.0208 44 0.0148 0.0028
7 0.0928 0.0179 46 0.0141 0.0027
8 0.0812 0.0156 48 0.013§ 0.0026
9 0.0722 0.0139 50 0.0130 0.002§
10 0.0650 0.012§ 52 0.0125 0.0024
11 0.0590 0.0114 6 o.o116 0.0022
12 0.0541 o.o104 60 o.o108 0.0021
13 0.0500 0.0096 64 0.0101 0.0020
14 0.0464 0.0089 68 0.0096 0.0018
15 0.0433 0.0083 72 0.0090 0.0017
16 0.0406 0.0078 8o 0.0081 | o.0016
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eight threads per inch has a root diameter of 0.8376 inch, whereas
a screw of corresponding outside diameter and pitch, but with
a sharp V-thread, has a root diameter of 0.7835 inch. The rela-
tive strength varies according to the size of the screw, the
smaller U. S. standard screws being approximately one-fourth
stronger than those having V-threads, whereas the larger sizes
are only about one-eighth stronger in tension.

Sharp V-thread. — The top and bottom or root of this thread
form are theoretically sharp (see Fig. 1), but in actual prac-
tice the thread is made with a slight flat, owing to the difficulty
of producing a perfectly sharp edge and because of the tendency

D==0.6408 x P D=06 x P
R=0.1378 x P R=2xP+11

WHITWORTH 8TANDARD BRITISH ASSOCIATION STANDARD
Machkinery

Fig. 2. The Whitworth or British Standard, which is used Principally
in Great Britain, and the British Association Standard

of such an edge to wear away or become battered. This flat is
usually equal to about one twenty-fifth of the pitch, although
there is no generally recognized standard. Owing to the diffi-
culties connected with the V-thread, the tap manufacturers
agreed in 1909 to discontinue the making of sharp V-thread
taps, except when ordered. One advantage of the V-thread is
that the same cutting tool may be used for all pitches, whereas,
with the U. S. standard form, the width of the point or the flat
varies according to the pitch. This is one of the reasons why
a great many V-threads are still in use. The V-thread is also
regarded as a good form where a steam-tight joint is necessary,
and many of the taps used on locomotive work have this form
of thread.
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especially for lead-screws and similar parts. The Acme form is
stronger than the square thread, and it may easily be cut with a
die, which is not the case with a square thread. When an Acme
thread is engaged by a sectional nut like the half-nut of a lathe
apron, engagement or disengagement is more readily effected
than with a square thread; an adjustable split nut may also be
used in connettion with an Acme screw thread to compensate
for wear and to eliminate back-lash or lost motion. The depth
of an Acme thread is made equal to one-half the pitch plus o.o10
inch to provide clearance between the top of the screw thread
and the bottom of the thread groove in the nut. The included
angle between the sides of the thread is 29 degrees.

D =0.6806 x P
F=03%%5 x P D=:.sﬂ”xP
C=0810xP F=P+

f————rp

I e P
— 60—, /
y % )/,
N / 4
)
2
WORM THREAD BRIGGS MODIFIED PIPE THREAD "nl‘“ﬂf"'

Fig. 4. Standard Worm Thread and the Modified Form of Briggs
Standard Pipe Thread

Square Thread. — The square thread is so named because
the section is square (see Fig. 3), the depth, in the case of a
screw, being equal to the width or one-half the pitch. The
thread groove in a square-threaded nut is made a little greater
than one-half the pitch in order to provide a slight clearance for
the screw; hence, the tools used for threading square-threaded
taps are a little less in width at the point than one-half the
pitch. The pitch of a square thread is usually twice the pitch
of a U. S. standard thread of corresponding diameter.

Worm Thread. — This form of thread (see Fig. 4) has the
same angle as the Acme thread (29 degrees), but the depth is
greater and the widths of the flats at the top and bottom are less.
The worms of worm gearing have this form of thread.
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- Trapezoidal or Buttress Thread. — This form of thread differs
from the Harvey grip thread in that the side intended to receive
the thrust is perpendicular to the axis of the screw instead of be-
ing inclined 1 degree (see Fig. 6), and the top and root are flat.
The pitch of a trapezoidal thread is equal to twice the outside
diameter divided by the constant 135.

Lowenherz Thread. — The Lowenherz thread (see Fig. 6) is
intended for the fine screws of instruments and is based on the
metric system. It has been adopted by the Bureau of Standards
as there has been a lack of uniformity in the screws applied to
American-made instruments.

D=07 x P
H=p+g
P==2 x 8CREW DIA.+ 15

TRAPEZOIDAL THREAD LOWENHERZ THREAD
Mackinery

Fig. 6. The Trapezoidal or Buttress Thread and the Lowenherz
Thread

Cadillac Screw Thread. — This form of thread is a cross be-
tween the U. S. standard and the sharp V-thread, the top of the
thread being flat and the root sharp. The included angle is 60
degrees.

S. A. E. Standard. — The Society of Automotive Engineers
screw standard (sometimes referred to as the A. L. A. M. standard)
is the same as the U. S. standard, but the number of threads per
inch for a given diameter is greater. This standard was adopted
because the pitches of the U. S. standard threads are too coarse
for some classes of automobile work, especially when the
threaded part is subjected to constant vibration. In addition
to the original standard, there is a special standard for diameters
larger than 1} inch which includes a coarse system and a fine
system of pitches.
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in the case of a Whitworth thread. This point will be con- \

sidered later. S
In order to form a complete thread with a single-point tool,

a number of cuts are required, the number depending upon the

pitch of the thread and the corresponding depth of the thread

groove. On all standard engine lathes, a gear-driven lead-screw

is used to traverse the tool a distance equal to the lead of the

thread for each revolution of the part being threaded. Gear-

ing of the correct ratio may be placed in position each time a

screw thread of different lead or pitch is to be cut, or the gearing

may form an integral part of the machine, and be so arranged

Cc

Machinery

© Pig. 1. Straight and Angular Methods of feeding Tool when
Cutting Thread in Lathe

that the necessary combination can be engaged by simply
shifting the controlling handles or levers. )
Methods of Feeding Tool Inward. — The inward feeding
movement of a tool for each successive cut may be either at
right angles to the axis of the screw thread, as indicated at A4,
Fig. 1, or at an angle of 30 degrees as shown at B. With the
latter method the compound rest is set at an angle of 30 degrees.
If the lathe is not equipped with a compound rest, the feeding
movement must be as shown at A. The objection to this method
is that the cutting action is not so good as when one edge of the
tool does practically all the cutting, as at B, and the other edge
moves parallel to the opposite side of the thread. The angular
method of feeding the tool does not tend to tear the thread as
when the tool is fed straight in, and a smoother thread is cut.
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time; most of the modern lathes, however, are equipped with
an indicator or thread chasing dial for ¢ catching the threads.”

Principle of Chasing Dial or Thread Indicator. — The thread
chasing dial of an engine lathe is attached to the carriage and has
a worm-wheel (see Fig. 2) that meshes with the lead-screw. The
vertical spindle or shaft of this worm-wheel carries a graduated
dial which shows when to reéngage the carriage with the lead-
screw when cutting screw threads which are not a multiple of
the number per inch on the lead-screw. The number of teeth
in the worm-wheel of the indicator should be a multiple of

LA |

B Machinery

Fig. 2. Diagrams illustrating Arrangement of Thread Chasing Dial
or Indicator :

the number of threads per inch on the lead-screw, and the num-
ber of main divisions on the dial should equal the number of
teeth on the worm-wheel divided by the number of threads per
inch on the lead-screw. Each main division will then represent
an inch of carriage travel. For instance, if the lead-screw has
six threads per inch and the worm-wheel twenty-four teeth,
then there should be %% = 4 main divisions or graduations on
the dial.

Assume that 11 threads per inch are being cut and that the
carriage was engaged with the lead-screw when graduation line
No. 1 was opposite the zero line on a stationary part of the indi-
cator as illustrated at A. If the tool were withdrawn from the
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located for cutting the second thread groove by disengaging
the lock-nut (with the lathe spindle stationary) and moving the
carriage back a distance equal to the pitch of the thread, or one:
half inch. If the adjustment were equal to the pitch plus the
lead or the pitch plus any multiple of the lead, the tool would
still be in position for cutting the second thread groove. In
actually cutting a screw thread, it would, of course, be necessary
to move the carriage far enough for the tool to clear the end of
the work before starting another cut; for instance, if the tool
were 10 inches from the starting end and a double thread having
a one-inch lead were being cut, the carriage should be moved
at least 10} inches. This adjustment could also be obtained
in this particular case, if the lead-screw had an even number of
threads per inch, by moving the carriage and tool § inch (pitch
of thread) and then, after reéngaging the lock-nut, turning
the lathe backward to secure the necessary additional movement.

Whether or not the lock-nut can be reéngaged with the
lead-screw after shifting the carriage a given distance may be
determined as follows: If the carriage is moved a whole or even
number of inches (not fractional), the lock-nut can be reéngaged
with any lead-screw having a whole number of threads per
inch. If the number representing the carriage adjustment is
fractional, the number of threads per inch on the lead-screw
must be divisible by the denominator of the fraction.

Use of Indicator for Multiple Thread Cutting. — The thread
chasing dial or indicator may sometimes be used to advantage
for engaging the tool with the different multiple thread grooves
when cutting a screw thread of this kind. By means of the
indicator, the engagement of the lock-nut with the lead-screw
is so timed that the tool, after taking a cut through one thread
groove, will be in position to cut the other groove or grooves,
as the case may be, before feeding the tool inward, instead of
finishing one groove at a time. To illustrate, suppose a double-
threaded screw is to be cut having a lead of } inch (} inch pitch)
or two single threads per inch. Assume that the lead-screw of
the lathe has 4 threads per inch, the indicator worm-wheel 24
teeth, and the dial 6 main divisions, representing inches of

P\
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for cutting square threads, although the same general type may
be applied to other forms. The main part of the holder 4 is
channeled or grooved to receive the cutting blades or tools.
The space between these tools is regulated by the distance piece
B, and they are held at an angle by tapering strips C (see end
view). This inclination varies with the pitch and diameter of
the screw thread. The tools and strips B and C are held in
position by set-screws D. The tapering part E above the tools
provides a horizontal surface for clamping the tools in position
in the tool-holder. When this holder is used for cutting Acme
or other screw threads of angular form, the tools are held in a _

Fig. 5. Correct and Incorrect Positions of Tool for Taper
Thread Cutting

horizontal position by inserting a tapering piece beneath them
as shown at F. A flat plate is then applied to the top to form a
bearing surface for the tool-holder clamping screw. The blades
used in this holder are of the same section throughout their
length to provide for repeated grinding.

Position of Tool for Cutting Taper Threads. — It is the gen-
eral practice in the United States to set a tool for cutting tapered
screw threads as shown at A4, Fig. 5, or so that the sides of the
thread incline equally with reference to a line perpendicular to
the axis of the screw. The principal reason why taper threads
should be cut with the tool in this position is that taper taps are
made in this way or with the threads normal to the axis. If the
tool were set in the position shown at B or so that the sides of
the thread incline equally with reference to the tapering surface,
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another cause of inaccuracy, because as the work-centers wear
rapidly on account of the poor bearing surface, the angle of the
taper is changed as the tailstock spindle is tightened. The
amount of these errors depends upon the angle of the taper and
the distance that the centers must be offset. When a plain (not
threaded) gage of the required taper is available this may be
used for adjusting the taper attachment accurately prior to the
thread-cutting operation. The taper gage is placed between
the centers (which should be in line) and a dial indicator is
fastened in the tool-holder. The carriage is then traversed
while the indicator is in contact with the taper gage, and the
taper attachment is adjusted until the hand of the indicator re-
mains practically stationary as it is traversed from one end of
the gage to the other. This method has been employed in mak-
ing thread gages of the plug form. Many tapering threads,
especially when large numbers of duplicate parts are required,
are cut by means of chasers or special dies.

Internal Thread-cutting Operations. — The general methods
of cutting internal threads in the engine lathe are: (1) by a
single-point tool; (2) by using a tap supported by the tailstock
spindle; (3) by using a single-point tool followed by a tap;
(4) by using a multiple-point tool of the chaser class. The
single-point tool is used for most internal thread-cutting opera-
tions. If the hole to be threaded is quite small in diameter, it is
difficult to cut an accurate thread with a single-point tool,
especially if the hole is quite long or deep, because of the flexi-
bility of a tool small enough to enter the hole. On work of this
kind, a tap may be used or the thread is sometimes cut slightly
under size with a single-point tool, and a tap having its shank or
outer end held straight by the tailstock center is run through
the hole for taking a light finishing cut.

Gaging Single-point Thread Tools. — The accuracy of a screw
thread cut in a lathe may be affected as to pitch or lead by the
lead-screw, and as to the angle or form of thread by the tool used
for the thread-cutting operation or its position when in use. For
ordinary work, the tool is ground either by hand or, preferably,
by the use of a special tool grinder of the type used for sharpen-
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ing turning and planing tools. When the angle of the cutting
edge is being tested by a gage, the latter should be held in the-
same plane as the cutting edge, as at 4, Fig. 6, and not at right
angles to the front side, as shown by the dotted lines, assuming
that the notch in the gage conforms to the standard thread
angle. If the clearance angle « of a tool is 15 degrees, the angle
in a plane at right angles to the front face is about 61 degrees
45 minutes, when the angle in the plane of the cutting edge is 60

Machinery
Fig. 6. Methods of gaging Thread-cutting Tools

degrees; hence, if the tool were ground to fit a gage held as
shown by the dotted lines at A4, the angle of the cutting edge
would be too small. At B is shown a simple form of gage for
testing U. S. standard thread-cutting tools. These tools have a
flat end or edge equal in width to one-eighth the pitch of the
thread. This particular gage has notches marked for different
pitches. The tool is first ground to a 6o-degree angle, the V-
shaped notch in the gage being used as shown at d. The point
is then ground off to the right width or until the tool fits into a
notch corresponding to the required pitch, as illustrated at e.
An Acme thread gage is shown at C. This gage also has
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notches for different pitches. The 29-degree notch at the end
of the gage is used first for testing the angular sides of the tool
when grinding as at g. The shallow notches are used simply for
testing the width of the cutting edge at the end as at 4, the
numbers opposite the notches representing the number of
threads per inch. The angle between the side and the end may
be tested as illustrated at j. The tool may also be set square
with the work by placing one edge of the gage against the
turned surface and adjusting the tool until it coincides with the
gage, as indicated by the dotted lines at j. The width of an
Acme thread tool equals 0.3707 X pitch — o.0052.

Testing Width of Flat End of U. S. Standard and Acme
Thread Tools. — The width of the flat or end of either a U. S.
standard or Acme thread tool may be measured by using an
ordinary micrometer as illustrated at D. In measuring the
tool, a scale is held against the spindle and anvil of the micrometer
and the end of the tool is placed against this scale. The micram-
eter is then adjusted to the position shown, and, for a U. S.
standard thread tool, 0.2887 inch is subtracted from the read-
ing; the result equals the width of the tool point which should
equal one-eighth the pitch. For an Acme thread tool, o.1293
inch is subtracted from the micrometer reading to obtain the
width of the tool point. The constants (0.2887 and o.1293)
which are subtracted from the micrometer reading are only
correct when the micrometer spindle has the usual diameter
of o.25 inch. The value or constant for any other spindle
diameter could be obtained by multiplying twice the spindle
diameter by the tangent of one-half ‘the thread tool angle.

An ordinary gear tooth caliper may also be used for testing
the width of a thread tool point, as illustrated at E.. If the
measurement is made at a vertical distance x of 4 inch from the
points of the caliper jaws, the values previously given for U. S.
standard and Acme threads should be subtracted from the
caliper reading to obtain the actual width of the cutting end of
the tool. .

When a tool for cutting a U. S. standard thread is accurate
as to the angle and width of the point or flat, an accurate screw
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dies) are hand chasers and threading tool chasers. The former
are hand-controlled, and the latter are rigidly held in a tool-
holder and used like an ordinary lathe threading tool. Two
types of hand chasers are shown at 4 and B in Fig. 7. Form 4
is used for chasing external threads and form B for internal
threads. When the tool is in use, the cutting end is supported
by some form of rest held in the toolpost. These hand chasers

are convenient far truing up battered threads or for reducing
the size of a part which has been threaded by either a die or a

£ — >

c D Machinery

Fig. 7. Hand Chasers — Threading Tool Chasers

single-point tool. Tools of this kind are especially adapted for
brass work. The chaser used in any case has teeth spaced to
correspond to the pitch of the thread. This form of tool can be
applied to the work quickly and without gearing the lathe for
a thread-cutting operation.

Threading tool chasers which are held rigidly in the tool-
holder are used practically the same as a single-point tool, the
lathe being geared for traversing the tool along the work in
order to control the lead of the thread. Tools of this kind cut
threads rapidly and may be used for roughing out threads pre-
paratory to finishing them with a regular single-point tool.
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Many screw threads are also finished completely with chasers
of this type, although they are not adapted for extremely accu-
rate work unless the teeth are ground after hardening, be-
cause the pitch of the chaser teeth is affected more or less by
the hardening operation. A threading tool chaser for a U. S.
standard thread is shown at C. The spaces between the teeth
extend to a sharp vee instead of having flats the same as the
cutting ends, in order to provide clearance for the top of the
thread.

Widths of Ends of Tools for Cutting Square Threads

Width of End of Tool
Number of
Threads per Inch
For Taps For Screws For Internal Threads
2 0.2475 0.2500 0.2525
216 0.1975 0.2000 0.202§
3 0.1641 0.1666 0.1691
342 0.1408 0.1428 0.1448
4 0.1235 0.1250 0.1265
4'2 0.1096 o.II1I o.1126
5 0.0985 0.1000 o.101}§
(15 0.0894 i 0.0909 0.0924
6 0.0818 . 0.0833 0.0848
7 0.0699 ! 0.0714 0.0729
8 0.0615 ! 0.0625 0.0635
9 0.0545 : 0.0555 0.0565
10 0.0490 0.0500 0.0510
81 0.0444 0.0454 0.0464
12 0.0407 0.0417 0.0427
13 0.0375 0.0385 0.0395
14 I 0.0352 0.0357 0.0362

The pitch of the chaser teeth does not always equal the pitch
of the thread to be cut. For instance, the chaser illustrated at
D has a pitch double that of the screw thread. Every alternate
groove is engaged, but as the lathe is geared for the pitch of
thread to be cut, each tooth of the chaser follows the thread
groove the same as though it were a single tool. Chasers are
sometimes made as shown at D for cutting very fine threads,
because, in this way, larger and stronger teeth are obtained.

Tools for Cutting Whitworth Threads. - The Whitworth form
of thread, or the British standard, may be cut by using a single
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tool of the form illustrated at A, Fig. 8. This tool is so shaped
that it finishes the rounded crest of the thread as well as the
angular sides and the root. As this tool is rather difficult to
make, many Whitworth threads, especially in jobbing and repair
shops, are cut by using two tools as illustrated at B. One
finishes the angular sides and the root, whereas the other is
used for finishing the crest of the thread, as the illustration
shows. In British machine shops, threads of ordinary pitches

a

Machinery
Fig. 8. Different Forms of Tools for Cutting Whitworth Threads

are often cut as indicated at C. After the angular sides and
root of the thread have been finished by a tool having a rounded
point, the crest of the thread is rounded off by using a hand
chaser. The radii of both the crest and the root of a Whit-
worth thread equal o.1373 times the pitch, and the depth of the
thread equals 0.6403 times the pitch. The angle between the
sides as measured in an axial plane is 55 degrees.

Cutting a Thread with a Revolving Tool. — When it is neces-
sary to thread a part that will not swing in the lathe on account
of a projecting member that will not clear the lathe bed, it is
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sometimes possible to mount the work on the carriage and re-
volve the tool. The work is bolted or otherwise attached to
the carriage so that whatever surface is to be threaded is con-
centric with the lathe spindle. The tool may be fastened to one
of the jaws of a chuck to provide radial adjustment, and the
thread is then cut in the usual manner.

Forming Threads by a Revolving Steel Disk. — Screw threads
have been formed on manganese steel pins, studs, etc., by trav-
ersing a rapidly revolving hardened tool-steel disk along the
blank to be threaded. The disk has a V-shaped edge or periphery
of the same angle as the thread and serves to form the thread
groove. This disk has a peripheral speed varying between
3000 and 4000 feet per minute and, when a thread is being formed,
the edge of the disk is forced against the slowly revolving blank.
The heat generated by friction softens the material so that the
disk removes the stock in the form of small thin scales. The
operation is slow and expensive and this method has been em-
ployed because it seemed to be the only practicable way of
doing the work. The attachment consisting of the disk, disk
spindle, driving pulley, and suitable spindle bearings was mounted
on the slide-rest of an ordinary lathe, the disk being driven
independently from an overhead drum. The blank to be
threaded was mounted between the lathe centers and the disk
traversed along by the lead-screw of the lathe, the same as when
cutting a thread in the usual manner. This rapidly revolving
disk operates in practically the same way as the well-known
friction saw, except that it is necessary to avoid excessive heating
of the steel to be threaded, as this would injure the quality of
the steel and might burn the thread. When the hardened
disk is at work, the temper is not drawn (although the ma-
terial being threaded is heated sufficiently to soften it), be-
cause the disk is revolving very rapidly and the work slowly, so
that any section or unit of length along the periphery of the
disk is in contact with the work a very short time as compared
with a given point on the work; consequently, the disk has a
much greater time for cooling than the work which accumulates
the generated heat.
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rear, and two firfishing tools at the front of the machine. Change-
gears are employed for adapting the machine to cut threads of
different pitch.

Controlling Mechanism of Automatic Lathe. — One of the im-
portant features of this lathe is the back-shaft which controls
the traversing movement of the carriage and the points of
reversal, as well as the inward and outward movements of the
cutting tools. When the carriage reaches the end of its travel
at the .completion of the cut, it comes against an adjustable
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Fig. 10. (A and B) Swinging Type of Internal Threading Tool-
holder. (C) Internal Threading Bar with Chaser

collar on the back-shaft. The result is that the back-shaft is
shifted longitudinally, and this endwise motion throws into
engagement a mechanism at the headstock end of the machine,
which causes the back-shaft to revolve one-half revolution.
This rotation serves a double purpose in that it withdraws the
two cutting tools from the work and, at the same time, reverses
the motion of the lathe spindle. When the carriage reaches the
end of the return movement, caused by the reversal of the spin-
dle and lead-screw rotation, it encounters another stop on the
back-shaft, so that the latter is again shifted in the opposite
direction. This endwise movement again causes the back-shaft
to revolve one-half revolution, which automatically moves the



38 THREAD-CUTTING METHODS

tools inward for the next cutting stroke. The tools are moved a
little farther inward for successive strokes by a ratchet and pawl
mechanism.

Internal Thread Cutting on Automatic Lathe. — The auto-
matic lathe may be used for internal as well as external thread-
cutting operations. One type of tool-holder used for internal
work is illustrated at 4 and B in Fig. 10. This tool-holder is
known as the * clapper-box ”’ type, because it has a block which
is pivoted to permit swinging the tool-holder up out of the way
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Fig. 11. Arrangement for Cutting Threads on Chuck Jaws in
Automatic Lathe

as shown at B. This type of tool-holder is especially desirable
when using plug gages for testing the size of the work, because
the tool-holder can readily be moved out of the way for in-
serting the gage and it is not necessary to disarrange the auto-
matic stops nor run the carriage back beyond its regular point
of reversal. The tool-holder for internal threading-may be pro-
vided with a roughing cutter followed by a finishing cutter. An
internal threading bar having a chaser (see sketch C) is some-
times used.

An interesting example of internal thread cutting performed
on the automatic lathe is illustrated by the diagram, Fig. 11,
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fraction, and the number of threads to be cut, as the denomi-
nator. The numerator and denominator are then multiplied by
some trial number until products are obtained which equal the
numbers of teeth in change-gears that are available. For in-
stance, if the lathe screw constant is 4 and 12 threads per inch
are to be cut, gears having 24 and 72 teeth could be used, assum-
ing, of course, that such gears were supplied with the lathe.
This result is determined as follows:

4 _4X6 _ 24,
12 12X6 72

The trial number selected in this particular case is 6, and the
product of this trial number and the numerator of the lathe
screw constant equals the number of teeth in the gear for the
spindle stud, whereas the product of the trial number and de-
nominator equals the number of teeth in the gear for the lead-
screw.

Compound Gearing for Thread Cutting. —In order to cut
some pitches, it is necessary to use a compound train of gearing
or four gears instead of two. The sizes of these gears may
be determined in practically the same way as described for
simple gearing. The lathe screw constant is written down as
a numerator and the number of threads to be cut as the de-
nominator of a fraction, but, before multiplying with the trial
number, the numerator and denominator are resolved into
factors. Each pair of factors (one factor in the numerator and
one in the denominator are referred to as a pair) is then multi-
plied by the same trial number to obtain values representing
numbers of teeth in gears that are available. To illustrate,
if the lathe screw constant is 6 and 1} thread per inch is to be
cut, the change-gears would be calculated as follows:

6 2><3'(2X36)x(3><16)'_]2X48

I_}—IXI%=(IX36)x(1%><16)_36x:28.

The driving gears, in this case, have 72 and 48 teeth, and the
driven gears, 36 and 28 teeth, respectively. When the lead of
the thread is expressed as a fraction of an inch, the correspond-

e
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ing number of threads per inch should first be determined. In
the case of a single thread, the number of threads per inch
equals 1 divided by the lead.

Change-gears for Metric Pitches. — Screw threads based on
the metric system of measurement usually have the lead of the
thread expressed in millimeters. If the lathe to be used has a
lead-screw cut according to the English system of measurement,
the change-gears may be calculated as follows: Multiply the
lathe screw constant by the lead of the thread in millimeters
and the product by 5, to find the number of teeth in the spindle
stud gear. The gear on the lead-screw should have 127 teeth.

Just how this rule is derived will be apparent by considering
a simple example. Suppose the screw is to have a lead of 3
millimeters and the lathe screw constant is 4. The number of
threads per inch equals 25.4 <+ 3, because there are 25.4 milli-
meters per inch. The ratio of the change-gears may be ex-
pressed by a fraction having the screw constant as the numerator
and the number of threads per inch as the denominator. Thus:

4 _4X3
25.4 25.4
3

The first whole number by which 25.4 can be multiplied and
obtain a whole number as the product is 5; hence, the numerator
and denominator of the fractional expression are multiplied by
5. Thus:

4X3X5_ 6o,

25.4 X5 127

Therefore, a thread of 3 millimeters lead would require a
6o-tooth gear on the spindle stud and a 127-tooth gear on the
lead-screw.

If a screw having a given number of threads per inch is to
be cut on a lathe having a metric lead-screw, first determine the
‘“ metric screw constant”’ or the lead of the thread in milli-
meters that would be cut with change-gears of equal size on
the spindle stud and the lead-screw. The product of the num-
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ber of threads per inch multiplied by the metric screw constant
multiplied by 5 equals the number of teeth for the lead-screw
gear. The gear on the spindle stud should have 127 teeth.
Translating Gears for Metric Pitches. — Lathes used for
cutting threads based on either the English or the metric systems
of measurement may be provided with translating gears. There
are two gears having 5o and 127 teeth, respectively. The
numbers of teeth in these gears represent the relation between
the English and the metric systems of measurement; thus,
1 inch is equivalent to 2.54 centimeters, and 1X50 _ 5o
2.54 X 50 127
When these gears are in the train of gearing connecting the
lathe spindle and lead-screw, the lathe may be geared for cut-
ting a given number of threads per centimeter by using, in ad-
dition to the translating gears, the same gears that would be
employed for cutting a similar number of threads per inch.
For example, if a metric thread is to be cut having a pitch of
2 millimeters, or 5 threads to the centimeter, and translating
gears are used, change-gears for cutting 5 threads per inch
could be employed. In this case, 5 threads to the centimeter
will actually be cut and not 5 threads to the inch, because the
translating gears are used in conjunction with the regular gears,
thus forming a compound train of gearing. If the gears for
cutting 5 threads per inch should have 36 and 3o teeth, respec-
tively, on the stud and lead-screw, the compound train of gear-
ing for cutting 5 threads per centimeter would consist of driving
gears having 5o and 36 teeth and driven gears having 127 and
30 teeth. The positions of either the driving or the driven gears
could be transposed, if necessary, in order to make the gears
mesh together properly.



CHAPTER III
THREAD-CUTTING ATTACHMENTS

A sPECIAL mechanism or some form of attachment may be
used in connection with thread-cutting operations either in en-
gine lathes, turret lathes, or other classes of machine tools
which may or may not be employed ordinarily for work of this
kind. An attachment is sometimes applied to an engine lathe
for cutting a screw thread of unusually large lead or for other
special operations, such as cutting threads which differ slightly
in pitch from the standard pitch. Thread-cutting attachments
are also applied to some turret lathes, so that threads may be
cut by means of a single-point tool or chaser whenever a tap or
die cannot be used to advantage.

Attachments for Cutting Screws of Large Lead. — When a
lathe is used for cutting a screw thread of exceptionally large
lead, or steep pitch, the change-gear mechanism may be sub-
jected to excessive stresses if the power for traversing the car-
riage along the bed is transmitted from the lathe spindle to the
lead-screw in the usual manner. This is due to the unusual
distance that the carriage must move along the bed per revolu-
tion of the work in order to obtain a large lead. For instance,
if the lead is such that the lead-screw must be revolved quite
rapidly to move the carriage and tool a distance equal to the
lead of the thread, each time the spindle makes one revolution,
the teeth, especially on the first gear of the train, may be broken
as a result of the excessive stress. One method of avoiding
trouble of this kind is to apply power directly to the lead-screw,
instead of to the spindle; motion is then transmitted from the
high-speed member of the gear train to the low-speed member,
as the lead-screw drives the spindle and the load on the gear

teeth is reduced.
44
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Another method of overcoming this difficulty is by driving
the lead-screw from the gear on the cone pulley, a special “ at-
tachment ”’ or gearing being used to transmit the motion. On
one design of lathe arranged in this way, the cone pulley has a
velocity ten times that of the spindle when the back-gears are
engaged; consequently, by using the rapidly revolving cone
gear as the driver in the train of gearing connecting with the
lead-screw, the stress on the teeth is reduced proportionately.
If it is assumed that the lead of a screw to be cut is 3} inches
and that there are 4 threads per inch on the lathe lead-screw,
the speed of the lead-screw relative to the spindle speed is 14 to
1. By driving directly from the cone gear, however, the ratio
will be changed to 14 to 10, because the cone pulley revolves
ten times as fast as the spindle; therefore, the power necessary
for traversing the carriage is easily transmitted through the
gearing, and without overstressing the teeth. The gearing on a
coarse threading attachment of this kind may be arranged
as follows: A double sliding gear on the reversing shaft inside
of the headstock can be engaged either with the regular driving
gear on the spindle or with a small gear at the end of the cone
pulley. For cutting threads of large lead, the sliding gear is
engaged with the cone gear and the back-gears are thrown into
mesh. The sliding gear will then make ten revolutions to one
of the spindle; consequently, if the lathe were geared to cut one
thread per inch, it would cut a thread groove having a lead of
ten inches when driving through the sliding gear and cone pinion.
An attachment of this kind may be used for cutting oil-grooves
in cylindrical parts and for similar operations, as well as for cut-
ting screws of large lead.

Special Lead-screw for Coarse Pitches. — A rear view of a
Lodge & Shipley lathe having a special lead-screw for cutting
threads of large lead is shown in Fig. 1. This auxiliary lead-
screw extends along the rear side of the bed, and when in use the
back-gearing of the headstock is engaged; the drive is then from
the large back-gear, through the change-gearing shown, to the
special lead-screw. A long half-nut at the back of the carriage
engages the threads of the lead-screw and is so arranged that it
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thread tool will cut a straight thread or one of uniform diameter
throughout its length, but as the tool point moves along an
angular path relative to the movement of the carriage, it travels
farther than the carriage. The result is that the pitch of the
thread cut by the tool is a little greater than the pitch for which
the lathe is geared. The amount that the pitch is increased
depends upon the angle between the axis of the work (or the
angle to which the taper attachment is set) and a line represent-
ing the movement of the carriage. The cosine of the angle to
which the work and taper attachment should be set for obtain-
ing a given increase in pitch equals the standard pitch (obtained
with the regular gearing) divided by the increased pitch neces-
sary to compensate for shrinkage.

If a screw thread must be cut having a pitch slightly less
than standard, special equipment is required. One method is
to provide special gears which give a somewhat greater reduc-
tion of the pitch than is necessary. The taper attachment
is then used, as previously explained, to increase the pitch so
that it is below the standard just the right amount. For in-
stance, if the required pitch is 0.198 inch instead of the standard
of o0.200 inch (five threads per inch), gears having 83 and 84
teeth, respectively, could be used to form a compound train of
gearing and reduce the o.200-inch pitch obtained with the reg-
ular change-gears. This reduction would equal §} of o.200 inch,
or 0.1976 inch. 1In order to increase the pitch of 0.1976 inch to
0.198 inch, the taper attachment and work are set at an angle,
the cosine of which equals 0.1976 divided by 0.198 equals 0.9979,
which is the cosine of 3 degrees 40 minutes. As this example
indicates, the pitch for which the lathe is geared is divided by
the pitch required, to obtain the cosine of the angle.

Attachments for Changing the Pitch. — Lathes that are used
extensively for precision screw cutting are sometimes equipped
with special compensating attachments for varying the pitch.
These attachments may be used in some cases to cut screw
threads which differ slightly from the standard pitch, as when.
an allowance must be made for shrinkage, or the attachment
may be used to compensate for slight inaccuracies in the lead-.
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sleeve A is screwed in or out of sleeve B. The turning move-
ment of sleeve A for varying the pitch is derived from a
pinion attached to A which meshes with a rack C having at its
lower end a block engaging a slot in plate D. This plate D is
attached to a slide E, which is connected to the lathe carriage by
a rod F; consequently, slide E and plate D move with the car-
riage, and when slot D is in an angular position the resulting
vertical movement of rack C turns sleeve A and shifts the lead-
screw, thus varying the pitch of the thread cut by the lathe.

LEAD-OCREW

i

Fig. 3. Another Form of Attachment for Obtaining Slight
Variations in Pitch

Quick - threading Attachment for Engine Lathe.— The
Hendey quick-threading attachment shown in Figs. 4 and 5 is
intended especially for cutting comparatively short threads on
duplicate parts varying from one to three inches in length,
although it may be used for lengths up to six inches. Thread
cutting can be done rapidly with the attachment owing to the
high speed at which the carriage is returned from the end of
the cut to the starting point. This rapid-return movement is
effected by a quick-return sleeve having a multiple thread of
coarse pitch. This return sleeve, as well as the thread chasing
sleeve from which the forward movement is derived, rotates
constantly when the attachment is in use. The length of the
travel in either direction is governed by automatic trip-dogs.
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with the carriage at the tailstock end and that the lathe is in
motion, throw handle X up to the cutting position (see Fig. 3),
keeping the pressure on the handle until nut Z engages the thread
onsleeve ¥. The carriage will then travel along until the dog T}
throws the rocker Q and handle X to the neutral position. After
withdrawing the threading tool, handle X should be thrown
down to the reverse position with a rapid movement, thus caus-
ing the carriage to return rapidly to the starting point; then
dog T, throws nut Z, out
of engagement with sleeve
H, and the carriage stops.
This cycle of movements
is repeated for each suc-
cessive cut until the
thread is completed.
When cutting left-hand
threads, the dogs marked
“L” (left-hand) are sub-
stituted for those marked
“R?” and the regular re-
verse handle A is placed
in the upper position.
The operation of the at- Machinery
tachment is the same for  Fi& i‘mf:;e:it’:h:;noi'ﬁ‘;:“:‘m‘
a left-hand thread as for

one of the opposite hand, except that the quick-return move-
ment is toward the lathe headstock. When using this attach-
ment, the operating handle X should be thrown quickly from
the neutral to the engaging positions, pressure being kept on
the handle until the nuts are in engagement.

Regulating Pitch when Using Quick-threading Attachment. —
It is important to understand the relation between the pitch of
the thread to be cut and the pitch for which the regular change-
gear mechanism of the lathe is set when using the quick-thread-
ing attachment shown in Figs. 4 and 5. On Hendey lathes up
to and including 20 inches swing, the lead-screw has 6 threads
per inch, and, as previously mentioned, the chasing sleeve of the





































THREAD-CUTTING ATTACHMENTS 63

tions a and b, or any whole number of inches, it will still remain
in alignment with the thread groove. The alignment would
also be maintained for half-inch movements, as indicated by
positions @ and ¢. If there were an odd number of threads per
inch, as indicated at B, it would be necessary to engage the pull-
pin with notches representing an inch of carriage travel, as illus-
trated by positions d and e. This requires two notches, or any

4 THREADS PER INCH 6 THREADS PER INCH

A B8
6% THREADS PER INCH

c

Fig. 13. Relation between Position of Tool and Screw Threads
bhaving Even, Odd, and Fractional Numbers of Threads per Inch

number evenly divided by 2 on those machines where one notch
represents one-half inch of carriage travels, whereas on the other
machines any notch will catch the thread. ‘A movement equiv-
alent to 4 inch, 1} inch, etc., would locate the tool on line with
the top of the thread, as illustrated at /. If there were 53 threads
per inch to be cut, the pull-pin should be engaged only with
notches representing two inches of travel, or 11 threads on the
screw, because a movement of one inch would align the tool
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sons: In the first place, a carefully ground single-point tool or
single type milling cutter is more accurate than a multiple-point
die chaser or cutting edge, which must be correct both as to the
form of each tooth and the pitch of the teeth; second, a die
which is self-leading and not positively controlled by a lead-
screw is less likely to produce a thread of accurate lead than a
single-point tool or a rotating milling cutter that derives its
motion directly from an accurate screw. There is a difference,
however, in the self-leading qualities of different dies. Some of
the important causes of inaccuracy in the lead of die-cut threads
will be considered later. The difference in accuracy between the
best grade of die work and the product of the lathe or thread
milling machine is usually so small as to be negligible for most
commercial work, which, in conjunction with the speed of dies as
a means of screw cutting, accounts for the extensive application
of dies in all machine building plants.

Types of Non-opening Dies. — Dies may be divided into two
general classes, namely, those that are removed from the screw
thread by being backed off or unscrewed, and those that may be
opened so that the cutting edges clear the screw thread, thus
permitting the die to be removed by traversing it over the work
in a lengthwise direction. The non-opening dies are capable in
some cases of hand adjustment, but the object of this adjust-
ment is to vary the size of the die, so far as machine threading
operations are concerned. There are four types of non-opening
dies in common use, which may be designated as (1) solid dies,
or those that are rigid and incapable of any adjustment for
varying the diameter; (2) flexible dies, or those that are split in
one or more places and may be adjusted to some extent by com-
pressing or expanding; (2) sectional dies, or those formed of two
adjustable sections; (4) rigid adjustable dies of the chaser type,
having inserted chasers that may be adjusted radially within cer-
tain limits either for maintaining a standard size or for varying
the size slightly.

A common form of solid die is shown at 4, Fig. 1. This form
is used for some bolt and pipe threading operations and for the
rougher classes of screw cutting. The accuracy of the die is

SE
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likely to be impaired considerably by hardening, and there is no
means of reducing the diameter as it gradually increases on
account of wear. Most solid dies of the rigid class are square
on the outside, although some are round or of hexagonal shape.
The latter are similar to a nut except that they have flutes on the
inside to form cutting teeth and are made of hardened steel.
Dies of this kind are used principally for repair work, as they are
easily turned with a wrench and are convenient for truing or
recutting battered threads.

R=

2

D E F Machinery
Fig. 1. Different Types of Threading Dies

The split dies, or those having enough flexibility to permit
adjustment, are made in different shapes, the three common forms
being the spring screw die shown at B, the “ acorn ” die C, and
the round split die D, which is sometimes known as a * button ”
die. A great many spring screw threading dies are used on
automatic screw machines for cutting the smaller sizes of screws.
The die has four projections or prongs on which the cutting
edges are formed. These prongs are quite flexible and must be
held in position when the die is in use by some form of external
ring or clamp. Many of these clamping rings are split on one
side, and the split ends are joined by a screw which provides ad-
justment for closing in the cutting edges to the required size.
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This type of clamp is objectionable in that it does not compress
the different prongs uniformly, so that the work of cutting the
thread is not properly distributed between the cutting edges.
One method of overcoming this difficulty is to use a solid ring
that is slightly tapering on the inside to fit a corresponding taper
on the outer surfaces of the die prongs.

The collet style of holder for spring screw dies is a further
improvement, as it is in the form of an external sleeve completely
surrounding the die, and not only holds it rigidly, but provides
a convenient means of uniform adjustment for variations in
size. The teeth of these dies may be cut with either a straight
hob or from the back with a hob that is slightly tapering. When
a straight hob is used, it is a few thousandths over size, the
amount depending upon the pitch of the thread; the prongs of
the die are afterward forced in to the correct size by the clamp
collar or chuck. This adjustment produces a slight inaccuracy
in the thread, and, for that reason, it is preferable to use a taper-
ing hob in order to obtain the necessary clearance, the die being
cut to the correct size at the point and not over size, as when a
straight hob is used. This back taper varies from o.005 to
o.o1o inch per inch for iron and steel, and from 0.008 to o.orj
inch per inch for dies employed for cutting threads on brass.
One of the great advantages of the spring screw die as compared
with the round split form shown at D is that the radial cutting
edges can easily be reground when they become dull by using
an ordinary dished wheel, the beveled edge of which is in-
serted in the flutes of the die. With the round split form, a
special grinding wheel is required.

The lands or cutting ends of the acorn die C are shorter and
wider than those of a spring die, which increases their strength
against torsional or twisting strains. The part of each land or
prong just back of the cutting teeth is made comparatively
thin to give the necessary flexibility for radial adjustment.
The form of holder used in connection with this die (as manu-
factured by the Greenfield Tap & Die Corporation, Greenfield,
Mass.) is illustrated in Fig. 2. The die D is contained within
an adjustable cap A, which is screwed onto section B of the
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cutting edges, especially at the throat of the die; consequently,
as the die moves back, these chips or others previously re-
moved often become wedged between the lands of the die and
the screw and roughen the thread or tear it as the die is being
removed. Trouble of this kind may often be greatly reduced or
practically eliminated by using dies having a minimum amount
of relief. The roughness of the thread may also be due pri-
marily to other causes. For instance, some grades of soft
“stringy " steel are difficult to thread smoothly. In such a
case, the only remedy is to use a steel higher in carbon or, if a
good grade of material is not necessary, a steel higher in phos-
phorus and sulphur. The roughness of a thread may be, and
often is, due to the use of die chasers which are not properly
made or ground. Unscrewing the die, however, has caused
much trouble, and defects from this source may be avoided
by the use of self-opening dies. The latter may also increase
the speed of thread-cutting operations 30 or 4o per cent, by
reason of the rapid removal of the self-opening type after the
thread is cut. The additional complication necessary in a
self-opening die means a higher initial cost which is sometimes
to be considered when the amount of work is relatively small.

An automatic die is, as a general proposition, less rigid than
a non-opening die such as the inserted-chaser type, especially
after the parts have become worn. It is for this reason that
some self-opening dies will not cut a satisfactory short thread,
especially if the length of the thread is about equal to the width
of the die chasers. The chasers spring outward somewhat at
the beginning of the cut and make the thread tapering. This
error may be so small as to be negligible when a good die is
used, and, in any case, screws having a length equal to several
times the die-chaser width will be cut straight except for a few
threads at the beginning and end of the screw where there may
be an appreciable amount of taper. Another difficulty that has
been experienced with some self-opening dies is in the accumula-
tion of chips in the die-head, which interferes with the action
of the movable members and increases the amount of wear.
Much has been accomplished, however, in the design of self-
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motion of the chasers for opening or closing the die is com-
monly derived or controlled either from cam surfaces or the
conical surface of a sleeve in contact with the chasers.

The three general methods for opening dies of this class auto-
matically are by stopping the travel of the turret at a predeter-
mined point; by the engagement of an outside tripping finger,
latch, or lever on the die-head with a fixed stop or plate; and
by the engagement of the end of the work with a tripping plate
~ located inside the die. Most self-opening dies are of the non-

MacMnery

revolving type, the die remaining stationary while the part to
be threaded rotates. Dies of this class commonly have a hand-
lever for opening or closing them. Some dies of the auto-
matic class are designed to be revolved. Several commercial
designs of self-opening dies will be described to illustrate the
variations in construction and methods of operation.
Geometric Self-opening Dies. — The standard design of
Geometric self-opening and adjustable die (style D) shown in
Fig. 3 is intended for use on hand-operated turret lathes and
automatic screw machines. This die, made by the Geometric
Tool Co., New Haven, Conn., is so arranged that it opens
automatically as soon as the travel of the shank section of the
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of adjusting the turret-slide stop for controlling the operation of
the die is as illustrated by the plan view, Fig. 10. After the die
is attached to the turret, the first thread is cut to the required
length and the machine stopped with the die chasers still engaged
with the thread, the chasers being closed. The turret-slide stop
is next adjusted until the slide moves backward sufficiently to
take up the lost motion or longitudinal float at 4 in the die-head,
and the die chasers spring open. Another trial screw thread is
then cut, and if the length of the thread must be exact, a slight
further adjustment may be necessary. The method of arrest-

Machkinery

Fig. 11. Sectional Views of No. 11-12 Series ‘‘ Namco ” Self-
opening Die-head showing Arrangement for Obtaining Instan-
taneous Opening Action

ing the feeding movement of the turret varies on different
machines.

The “ Namco ” die-heads do not have a cover or plate in front,
but are left open; one reason for this construction is to permit a free
flow of oil through the die-head to flush or wash out the chips so
that the die will be self-cleaning. Some “ Namco " die-heads (the
No. 11-22 series) are designed especially for cutting very short
threads or those of ordinary lengths right up to a shoulder if
necessary. The die-head is designed to open the chasers instan-
taneously at a given point. The top or outer ends of the chasers
are not beveled as in the dies previously referred to, but have
square shoulders instead, as shown by the sectional view, Fig. 11.
The bearing arms B of the cam ring rest on the top of these
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a twisting action that is encountered when using a die of coarse
pitch on comparatively small diameters.

Cutting Taper Threads with Dies. — Taper threads may be
cut by using dies with chasers which taper to correspond to the
taper on the work and are arranged to move outward radially
as the die traverses toward the large end of the taper; by using
dies of the solid or non-opening class which have the same taper

Mackinery

Fig. 28. Views illustrating how Longitudinal Movement of Solid
Die for Taper Threading is reduced as Taper increases

as that required on the work, assuming that the length of the
thrcaded part does not exceed the length of the cutting edges on
the die or the width of the chasers; by using dies intended for
parallel threads and arranged to open radially for producing a
taper thread. The first type of die referred to, which has taper-
ing chasers that move outward in accordance with the taper,
is preferable for the most accurate work. The solid or non-
opening die, which simply tapers to correspond to the taper
screw thread to be cut, is not only limited to comparatively
short screw thrcads but does not produce a very satisfactory





















THREAD-CUTTING DIES 11§

equipped with carbon steel chasers should be operated at about
30 feet per minute (surface speed at the pitch diameter) when
threading cold-rolled screw stock, Bessemer and open-hearth
stock, 3 to 5 per cent nickel steel, malleable iron, brass, bronze,
and similar alloys. A cutting speed of 20 feet per minute is
advocated when using high-speed steel chasers or those of semi-
high-speed steel for cutting threads in chrome-vanadium, tough
alloy steels, cast iron, drop-forgings, and all heat-treated steels.

Table I. Surface Speeds for Cutting Screw Threads in Steel with Dies

Surface Speeds in Feet per Minute for
Different Pitches
Material to be "

Threaded Steel for C 3K tos4| 6to7'4 8 to 11 12to0 32
Threads Threads Threads | Threads
per Inch per Inch per Inch | per Inch

Hard Steel Carbon 8 10 12 15
High Speed 10 12 15 20
Mild Steel Carbon 12 15 20 25
High Speed 15 20 25 30

The speeds given, both for carbon and high-speed steel chasers,
may be increased about 20 per cent when cutting threads of
fine pitch.

The surface speeds given in Table I are recommended by the
Jones & Lamson Machine Co., for cutting threads of different
pitch in both hard and mild steel and when using either carbon
or high-speed steel chasers. The figures in the body of the
table represent surface speeds in feet per minute and not revo-
lutions per minute. The speeds are increased considerably for
the finer pitches, the speed recommended for from 31 to s}
threads per inch being increased approximately 100 per cent,
when cutting threads varying from 12 to 32 per inch. The
revolutions per minute corresponding to these various surface
speeds are given in Table II.

Cutting speeds have been determined on the theory that the
amount of metal removed by the die per minute should be
the same for cutting screws of all pitches. For instance, if a
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Table II. Revolutions per Minute for given Surface Speed and Diameter

Surface Speed in Feet per Minute
Diameter .
of Screw 8 10 12 15 20 25 30
Thread
Revolutions per Minute for Different Surface Speeds
% 244 | 305 366 458 611 764 917
" 122 | 153 183 229 306 382 458
3% 81 | 102 122 153 204 255 306
34 61 76 92 115 153 101 229
56 49 61 74 92 122 153 184
3% 41 (3¢ 61 76 102 127 153
7% 35 44 53 66 88 109 131
1 3t 38 46 57 76 95 115
4 24 31 37 46 61 76 92
1} 20 25 31 38 ST 64 76
134 17 22 26 33 44 55 65
2 15 19 23 29 38 48 57
2% 14 17 20 F13 34 42 5I
2% 12 15 18 23 31 38 46
2% I 14 17 21 28 35 42
3 10 13 15 19 25 32 38

Table III. Thread Cutting Speeds fcr Dies Based on Removing an
Equal Amount of Metal per Minute

. Number of . Cubic Inches
Diameter of Revolutions per Surface Speed,
Screw Thread | T TTrads per Minute | Outside Diameter | Cpgovou™"
34 20 1062 .0 69.5 0.5896
54 18 691.5 56.5 0.6004
3 16 453.0 44.5 0.6025
7ie 14 297.5 34.0 0.6009
£ 13 224.5 29.0 0.6084
9o 12 169.5 25.0 0.6085
% 11 128.7 21.0 0.6147
114e 1 117.0 21.0 0.6201
3% 10 88.5 17.0 0.6177
1346 10 81.7 17.0 0.6225
% 9 61.7 14.0 o0.6170
15{e 9 57.6 14.0 0.6276
1 8 40.6 . 10.6 o 5948

die is found to operate satisfactorily when cutting a thread
in a certain material, whatever fractional part of a cubic inch of
metal is removed per minute is determined, and then cutting
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speeds for the same material and for coarser or finer pitches
are based on removing an equal amount of metal per minute.
While this method seems to be logical, it involves a wide range
of speeds if extended to include very coarse and very fine pitches.
Table III, which applies to U. S. standard threads, was calcu-
lated on the basis of removing approximately 0.6 cubic inch of
metal for threads of all pitches. As the table shows, the sur-
face speeds vary from 10.6 to 69.5 for U. S. standard threads
ranging from 1 to % inch in diameter, and the speeds in revolu-
tions per minute for the same range of diameters vary from 40.6
to 1062. This table is based on actual practice in cutting threads
on screw stock with self-opening dies at the plant of the Green-
field Tap & Die Corporation.
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Angle of Chaser Throat or Chamfer. — The leading side or
corner of each chaser in a die-head is usually beveled as shown in
Fig. 3. This beveled edge is known as the ‘ throat ”” of the
chaser and serves to begin the cut gradually when the die is
first starting a thread and also when it advances. At A4 is shown
a chaser at the point of starting a cut, and B represents the po-
sition of the chaser after it has advanced far enough to begin
forming a “ full ” or complete thread. The throat of the chaser
not only inclines relative to the axis of the die (or screw being
cut), but it is given clearance back of the cutting edge in a
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Machinery

Fig. 3. Diagrams illustrating how Throat of Die serves to start
Thread-cutting Operation gradually by distributing Work pe-
tween Several Chaser Teeth

circumferential direction. In some cases, the throat angle «
must be abrupt in order to cut a full thread close to a shoulder.
Aside from a requirement of this kind, the throat should pref-
erably be ground so that the work of cutting a thread to the full
depth is distributed over at least two or three teeth on the
leading side of the die. It is common practice to grind the
throat at such an angle that the beveled part extends from
the root or base of the leading or most advanced tooth in the
set of chasers back to the third tooth, which may be slightly

beveled. The throats of some dies extend back over four, five,
Se
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or more teeth, although the shorter chamfer is more common.
Each chaser should be ground to the same angle and so that each
throat will be the same distance from the axis of the die when in
the die-head. .

The throat angles of chasers for the Hartness dies depend
upon the pitch of the thread. The angles for different pitches
are shown in Fig. 4, which also shows the type of fixture used for
holding the chasers while grinding them. This fixture may be

Machinery
Fig. 4. Throat Angles for Chasers and Fixture for Grinding

applied to different types of grinding machines by clamping a
guiding strip to the grinder table, as indicated. A throat angle
of 15 degrees relative to the axis of the die is recommended for
chasers intended for cutting threads varying from 4 to s} per
inch. The angle of 20 degrees is intended for pitches varying
from 6 to 8 per inch; and 25 degrees, for pitches of 9 or more
per inch. The object of decreasing the throat angle for the
coarser pitches is to increase the length of the throat somewhat
and distribute the work of cutting over more of the chaser teeth.
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diameter wheel has less effect on the amount of clearance than
the distance that the wheel is offset. For instance, if the wheel
has a radius r (see diagram A, Fig. 6) and this wheel is offset an
amount x, a certain clearance will be obtained. Now if the size
of this wheel were increased to some radius R, this would not
affect the clearance to any great extent, assuming that the
amount of offset x remained the same. On the other hand, if a
wheel having a radius 7 is offset first a distance x and then some
greater distance y, as shown by diagram B, this will increase the
amount of clearance decidedly.

Machinery

Fig. 6. Relative Relief obtained by varying Diameter of Grinding
Wheel and Distance Wheel is offset from Center Line of Chaser

As a general rule, most of the grinding should be done on the
throats of chasers, the faces being ground as little as possible.
Repeated grinding on the throat extends the latter back farther
from the leading side of the chaser (assuming that the same
throat angle is maintained as it should be); if, as the result of
repeated grinding, the die finally will not cut a full thread close
enough to the shoulder, this can sometimes be remedied by
grinding away the front edges of the chasers, so that they will
clear the shoulder.

The method of grinding the throat of a hobbed chaser with a
“ Geometric ”’ chaser grinder is illustrated in Fig. 7. A large
grinding wheel is used in this case and the chaser is swiveled
about the wheel to give the clearance surface or throat a curved
form. If the chaser for a one-inch die is to be ground, the scalc
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die to give the throat or chamfered part a slight relief. Spring
dies are not ordinarily ground in the throat, but are sharpened
by grinding each of the radial cutting faces by using the flat
face of an ordinary dish-shaped or saucer wheel. If dies have
been forced to cut when dull; they may be injured to such
an extent that some grinding in the throat as well as along the
cutting faces is necessary in order to obtain a sharp cutting edge.
If the throat is ground away considerably, it may be necessary to
grind back the ends of the lands or prongs, especially if there is
a shoulder on the work which would strike these prongs before
the thread has been cut the required length.

Machinery

Fig. 8. Method of Grinding Throat of Spring Die

It is of especial importance to have as little clearance as
possible on the chasers used for brass work, because the throats
of the chasers steady the die when starting to cut a thread.
When it is desired to cut a thread close up to a shoulder in brass,
the chaser teeth are sometimes relieved on the sides instead of
chamfering the teeth. This relieving may be done by means
of a brass lap, the working edge of which is formed to an angle of
about 5o degrees for a 6o-degree tooth, so that the lapping may
be confined to one side of a tooth. This beveled or working
edge of the lap is charged with a suitable abrasive, and the side
clearance is given to two or three of the leading teeth. When
chasers are set tangent to the work, as shown in Fig. 2, the throat
like the teeth has a natural clearance due to its tangential

position.
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no rake. An excessive amount of rake would cause the chasers
to ride and dig in alternately. Some grades of cast iron may
be threaded satisfactorily with dies intended for steel. Most
aluminum castings, because of the zinc in their composition,
cut very much like brass and should preferably be threaded
with chasers with little or no rake.

Many dies used for cutting threads in machine steel have the
front faces located a distance ahead of the center equal to about
one-fifth the radius of the die. In other words, the plane of the
front face is tangent to a circle x, see B, Fig. 9, having a radius
equal to one-fifth the radius of the die or a screw cut by the die.
The angle a corresponding to the rake of the die chaser is about
12 degrees when the front face is one-fifth the radius off center.
This rake corresponds approximately to the angle of rake or
slope that would be given to a lathe turning tool for use on
machine steel, although the rake is subject to more or less varia-
tion. For threading copper and tobin bronze, dies having a
rake of about 14 degrees have given satisfactory results. Die
chasers are sometimes given negative rake when the die is to be
used on very soft “ greasy ” brass, the face of the die being
slightly back of the center instead of in advance.

Some of the die chasers for the Wells self-opening die are
ground to a slight angle along the front face above the throat
instead of leaving this face parallel to the axis of the die or the
screw which the die is to cut. It is claimed that a die equipped
with such chasers has a tendency to throw the chips ahead and
avoid clogging. This method of grinding the die chasers is the
same in principle as that employed on the “ gun taps "’ made by
the Greenfield Tap & Die Corporation.

Maintaining Rake Angle of Chaser when Grinding. — The
front faces of chasers should always be ground so that they are
in the same position relative to the axis of the die, assuming
that the die has been cutting properly and a change is not
desired. Chasers located with the front faces in advance
of the centers (as illustrated at C, Fig. 9) are sometimes ground
back so that the faces are always parallel to the side of the
chaser (as indicated by the dotted lines), which reduces the
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The throat or chamfer of pipe dies should extend over about
three threads or teeth. As the heaviest cutting is done in the
throat of the die, this section should have a little more clear-
ance then the rest of the chaser teeth, which applies to thread-

A B
Machkinery

Fig. 12. Different Methods of grinding Chasers of Pipe-
threading Dies

(o]

ing dies in general. If a tooth in a die is broken away, it is
preferable to remove the remaining part entirely by grinding
with a thin wheel, because the broken part tends to tear or
roughen the thread. To obtain the best results with pipe dies,

Machkinery

Fig. 13. Approved Form of Chip Space for Pipe-threading Die

the number of chasers should be varied according to the size
of the die, four chasers being used for diameters up to 1} inch;
six chasers for diameters from 1} to 4 inches; eight chasers for
diameters from 43 to 8 inches; twelve chasers for diameters
from g to 12 inches; fourteen chasers for diameters from 13
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to 16 inches; and sixteen chasers for diameters from 17 to 20
inches. '

Steel for Threading Die Chasers. — There is some difference
of opinion regarding the relative merits of carbon steel and high-
speed steel for the chasers of threading dies. The results ob-

- tained with different steels may depend considerably upon the
exact composition of the steels in question and the heat-treat-
ment to which they are subjected. In general, carbon steel
chasers are preferable for cutting smooth, accurate screw threads,
owing to the fact that they retain a fine cutting edge better
than chasers made of high-speed steel. A fine sharp cutting
edge on a high-speed steel chaser tends to crumble slightly. The
result is that screw threads cut with high-speed steel chasers are
not so smooth, although the cutting speed can be considerably
higher. As a general rule, carbon steel is recommended when
finish is of especial importance, whereas high-speed steel is prefer-
able when maximum production is the principal object and a
nicely finished thread is of secondary importance. Incidentally,
many manufacturers or users of dies order the more costly
high-speed steel when carbon steel or  semi-high-speed steel ”
would be preferable. The semi-high-speed steel, which has been
uscd for many die chasers, contains much less tungsten than the
steel ordinarily used for turning tools.

The National Acme Co. recommends the use of carbon steel
chasers for cold-rolled screw stock, Bessemer and open-hearth
steel, 3 to 5 per cent nickel stcel, malleable iron, brass, bronze,
and similar alloys. High-speed steel chasers, or those made of
semi-high-speed steel, are recommended for cutting threads in
chrome-vanadium steel, tough alloy steels, cast iron, drop-
forgings, and all heat-treated steels.



CHAPTER VI

DIFFERENT CLASSES OF TAPS AND CAUSES OF
ERRORS IN TAPPED HOLES

THE relation between taps and other tools that may be used
for cutting screw threads in holes is similar to the relation be-
tween dies and the various classes of equipment that are adapted
for cutting external threads. The principal points of similarity
between taps and dies pertain, first, to the extent of their appli-
cation, and, second, to the factors that govern their use. Taps
are employed for most internal thread-cutting operations, just
as most external threads are cut with dies, and the extent to
which taps are applied for internal threading gradually dimin-
ishes as the diameter of the threaded part increases above a cer-
tain size, which applies also to the use of dies in cutting external
threads.

Conditions Governing Use of Taps. — While practically all
small holes that are to receive machine screws, studs, bolts, etc.,
are threaded by means of taps, tools of this class are not suitable
for cutting a great many of the larger screw threads. It is
impracticable to draw a definite dividing line on the basis of
diameter alone, since there are frequently other important con-
ditions that affect the problem. Whether or not taps may be
used to advantage often depends upon: (1) Number of parts
requiring screw threads or amount of work; (2) diameter and
pitch of thread; and (3) the relation between thread-cutting
and other machining operations. If cutting the thread is the
principal or only operation, and especially if the parts are re-
quired in large numbers, a tap might be used even for quite large
diameters in order to cut the threads quickly. Pipe fittings,
which have comparatively fine threads, are an example.

The equipment that is available in a shop is another im-
portant point, since there is often a close relationship between
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teeth. Each chaser bar has a lug that engages a radial slot in
a chaser controlling ring or collar within the tap body. When
this controlling ring is turned in one direction the chasers roll so
as to move the cutting teeth inward, as when collapsing the tap.
By turning the ring in the opposite direction, the chasers are
returned to the working position and size. The controlling
collar is held in place by a suitable stop while the tap is cutting.
When the tap has entered the hole to the required depth, the
tripping cap comes into contact with the work, and as the tap

Machinery
Fig. 10. M. E. C. Collapsing Tap

continues to advance, the controlling collar is disengaged. A
spring then turns the collar quickly and withdraws the chasers.
The tap is reset to the working position by means of the hand-
lever shown projecting from the side. The distance that the
chasers project beyond the tripping cap, or the depth to which a
hole is tapped, is regulated by an adjustable screw in the shank
of the tap, which serves to move the chasers in or out. This tap
is the product of the Manufacturers Equipment Co.. Chicago, IIl.

Resetting Collapsing Taps. — The method of resetting collaps-
ing taps varies according to the construction of the tap and may
depend, in some cases, upon the type of machine used for the
tapping operations. Collapsing taps of the non-revolving class,
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tap out of the hole. The width w of the land of this kind of tap
should equal one-half the width of the space or one-twelfth the
tap circumference in the case of a four-fluted tap.

The form of flute shown at C, Fig. 16, has been used ex-
tensively with some modifications as to the radius of the bot-
tom of the flute and the angle of rake in front of the lands.
This flute is milled with a double-angle cutter and the tap may
easily be given any amount of positive rake within practicable
limits. If the rear sides of the lands have a gradual slope, as

MacMnery

Fig. 16. Different Forms of Tap Flutes

shown in the illustration, difficulty is often caused by the wedg-
ing action of the chips, which may either mar the thread or result
in breaking the tap. The flutes illustrated represent the shape
obtained with a cutter having an angle of 30 degrees on one side
of the center line and 55 degrees on the other. Some angular
fluting cutters have an included angle of go degrees, with each
cutting edge 45 degrees from the center line.

Rake of Tap Cutting Edges. — The amount of positive rake
that a tap should have to work satisfactorily in steel should
preferably be such that slightly curling chips will be produced.
These chips should break up into short lengths and not be so
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and are well supported by the concentric teeth, both the pitch
diameter and the width of flat are reduced by repeated grinding.

The disadvantages of relieving straight taps as previously
described led to the introduction of a tool that was given clear-
ance not by relieving the teeth from front to back, but by mak-
ing the tap a little larger in diameter on the leading end (say,
0.001 to 0.002 inch) than at the shank end. The effect of this
slight back taper is to make the tool cut more freely, and a
great many taps have been given clearance in this way. Taps
without eccentric relief (except on the chamfered end) are pref-

Al BA
Machénery

Fig. 18. (A) Tap relieved both on Top and in Angle of Thread.
(B) Form of Relief known as ‘‘ Con-eccentric ”

erable for use on automatic screw machines of the type which
reverse for backing out the tool, because chips are less likely to
wedge between the teeth and mar the thread or break the tap.

Another method, which is regarded by some as the best form
of relief, is illustrated at B, Fig. 18. This is known as the
“ con-eccentric ” relief because the teeth are concerkric for a dis-
tance equal to one-third the width of the land, and the rest
of the tooth is eccentrically relieved. The object of this form
of relief is to provide enough clearance to make the tap cut
frecly, and at the same time give adequate supporting surface.
The tap teeth can also be ground back for sharpening with-
out changing the shape of the cutting edge or the tap diam-
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eter. The top of the thread is relieved across the entire width
of the land on the chamfered part of the tap to secure a keen
cutting edge. The chamfered end is also given greater relief
than the straight part to improve the cutting qualities. The
angular sides of the teeth on the chamfered part have the regilar
relief.

Taps for cutting threads in tapered holes must have teeth
relieved across the entire width of the land, both on the top
and angular sides. If a tapered tap were not relieved in this
way, the rear ends or “ heels ”’ of the teeth would be higher up
on the taper than the cutting edges, owing to the inclination
of the teeth relative to the tap axis. In other words, the rear
end of any tooth would coincide with a larger circular section
of the tap than the cutting edge; consequently, the cutting
edge would not form a space large enough for the rear end of
the tooth. .

Diameter of Hole before Tapping. — The diameters of holes
to be tapped may seriously affect the tapping speed, the power
required for tapping, the loss of taps as the result of breakage,
and the quality of the work. The hole should be somewhat
larger than the root diameter of the thread, the amount depend-
ing to a certain extent upon the class of work and the kind of
material. For ordinary manufacturing, from 75 to 8o per cent
of the standard thread depth is sufficient, and, for some classes
of work, not more than so per cent of the thread depth is re-
quired. Tests have demonstrated that a U. S. standard thread
cut to one-half the standard degth in an ordinary cold-punched
nut will not strip. The tops of the bolt threads also resist the
stress, and it is the bolt that breaks.

Tests made by the Greenfield Tap & Die Corporation have
demonstrated that a full depth of thread in a nut is practically
no stronger than a 75 per cent depth of thread; furthermore, a
thread depth equivalent to 75 per cent of the standard is only
20 per cent stronger than a thread of 5o per cent depth. As
the thread depth increases beyond 75 per cent, the power re-
quired to drive the tap rapidly increases as the full depth of
thread is approached. Soft tough material, such as Norway
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users of taps forget that the screw may be at fault. This point
is illustrated by the experiences of all tap manufacturers. Taps
made for customers who specify very close limits of accuracy
are frequently condemned as inaccurate, when the screws in- .
serted in the tapped holes are the cause of the trouble, due, in
many cases, to an error in lead. It is evident that little is to
be gained by using high-priced taps that are made unusually
accurate by employing special methods, if little or no attention
is given to the limits of error in the screw; in fact, so far as pitch
diameter is concerned, it is usually easier to control the diam-
eters of the screws than the diameters of tapped holes, although
with the adjustable taps now available extremely accurate work
may be obtained, and holes in duplicate parts may be held to a
standard size within small limits.

Many taps, particularly when used in a machine, tend to
cut over size. This slight enlargement of the hole may be the
fault of the tap or it may be caused by the method of holding
it; the size of the hole before tapping is also frequently the
cause of inaccurate work. If the threaded part of a solid tap is
warped or bent slightly by the hardening operation, this will
cause it to cut large, the error increasing as the length or depth
of the tapped hole increases, up to the full length of the tap
body. When taps are made of steel that is not properly rolled
or annealed they may shrink unevenly in hardening or lose their
circular form. If the teeth of an evenly fluted tap do not lic in a
circular path, the tap will chatter and cut over size. A tapped
hole that is too large may also be caused by the crowding of the
metal resulting from passing a tap through a hole that is too
small. Errors may also be due to excessive clearance or rake
on the chamfered part of the tap, uneven chamfering on the
different lands, excessive under-cutting in the tap flutes, or too
much relief in the thread angle. Lack of alignment between
the tap and work is frequently the cause of tapping holes that
are too large and tapering. The extent to which errors from
lack of alignment may be reduced, if they are not eliminated
entirely, by the use of floating tap-holders depends upon the
design of the tap-holder and the amount of alignment error.






CHAPTER VII
DIE- AND TAP-HOLDERS AND REVERSING CHUCKS

DrIE-HOLDERS may be arranged to hold the die rigidly or to
permit either a longitudinal movement or a combined longi-
tudinal and universal ‘floating” movement. Many of the
die-holders used on machine tools or in connection with power-
driven threading operations allow the die a limited amount of
motion in the direction of its axis, so that it will be free to follow
its own lead and will not be retarded by a backward pull of the
tool-slide to which it may be attached. For instance, when
cutting a thread with a die in a hand-operated turret lathe, the
turret-slide is moved up until the die has started on the work.
If the die-holder has longitudinal motion, the turret can lag be-
hind somewhat without interfering with the forward motion of
the die, which simply has to overcome the friction of the driving
pins or keys of the die-holder as it screws itself onto the work.
If the turret were not shifted along periodically when cutting
a long screw, the lost motion in the holder would soon all be
taken up and then the die would have to drag the turret-slide.
This extra load might seriously impair the finish and accuracy
of the screw thread. When the machine is of the automatic
type, the cam operating the turret-slide is generally designed to
start the die on the work and then the slide is allowed to travel a
little slower than the die which governs its own motion independ-
ently. If the cam were laid out to control the motion of the die
positively, any variation between the motion of the die and the
pitch of the chaser teeth would affect the thread being cut.

Some die-holders are arranged to give the die a free floating
movement in a direction perpendicular to the axis, so that, if
the part to be threaded is not exactly in line with the die, the
latter can center itself relative to the axis of the work and cut a

concentric thread on it. While every holder having the axial
. 165
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non-opening dies) is used when it is necessary to govern closely
the length of the thread, as, for example, when cutting a thread
close to a shoulder. If the reversal of the machine is controlled
by the operator, as in a hand screw machine, a releasing die-
-holder should be used, because, if the machine is not reversed at
the instant a die of the non-opening type reaches the limit of its
forward travel, the thread may be stripped or the die broken
when attempting to cut close to a shoulder. When the releasing
type of holder is applied to the threading spindle of a multiple-
spindle automatic screw machine, if the threading operation is

o Machinery
Fig. 1. Brown & Sharpe Die-holder of Non-releasing Type

completed before the other operations, the releasing device per-
mits the die to revolve loosely until all the operations are com-
pleted.

The non-releasing type of die-holder is used for most of the
thread cutting done on Brown & Sharpe automatic screw ma-
chines with non-opening dies. One design is shown in Fig. 1.
The arrangement is such that the part to which the die is at-
tached can move in a lengthwise direction relative to the shank.
The releasing type is sometimes used to avoid having a narrow
or pointed lobe on the cam controlling the thread-cutting opera-
tion. In some cases a cam that is laid out for the non-releasing
type of holder has a thin, sharp threading lobe, but, by substi-
tuting the releasing type, a certain amount of dwell is obtained,
so that the top of the cam lobe can be made wider.
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main sections of the holder is through the pins 5. When the
turret-slide stops and the die-holder is drawn forward, these
pins 4 are disengaged, thus releasing the die. As soon as the
work-spindle reverses, a ball % slides out of the decp part of the
pocket in which it normally rests, thus locking the two main
sections together while the die is being removed. The ball is
inserted in pocket m when the die-holder is used for cutting left-
hand threads.

The releasing die-holder shown at C, Fig. 2, is known by the
manufacturer (the Cleveland Automatic Machine Co.) as the
‘“silent "’ type, because the driving members are so arranged
that they will not strike against each other after being dis-
engaged. The main part of the die-holder, which is held in
the turret, carries two bevel-ended driving lugs #, which are
mounted upon pins p, so that they are free to swivel. These
driving lugs engage pins r in the dic-holder proper; when the
latter is drawn forward at the end of the cut or after the turret-
slide stops moving, lugs », acted upon by springs ‘s, swivel until
the beveled ends are practically in a plane at right angles to the
axis of the holder. This swiveling movement provides clear-
ance between lugs # and pins r so that the parts cannot strike
against each other while the die is revolving with the work.
When the spindle reverses, the beveled plunger ¢ drops into slot
1 and holds the die stationary. This plunger is backed up by
spring w. To change this die-holder for cutting left-hand
threads, the driving lugs # are turned over, thus reversing the
position of the straight driving side. The plunger ¢, which is
held in position by the end of screw z, is also reversed.

Methods of Holding and Driving Taps. — The method of
holding and driving a tap may vary according to the type of
machine used for tapping, the kind of tap, or the class of work.
The tap-holder may be designed to hold the tap rigidly or to
allow it to slip or stop in case the resistance to tapping becomes
excessive. Tap-holders may also be arranged to provide a cer-
tain amount of lost motion or floating movement either in a
longitudinal or a lateral direction the same as die-holders. The
object of the longitudinal movement is to allow the tap to ad-

us
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enough, the tap may be subjected to excessive strains. A design
of frictional holder that is intended for driving both drills and
taps is shown at 4 in Fig. 3. This holder (which is made by the
Beaman & Smith Co., Providence, R. 1) has a shank q, a fric-
tion socket b which receives the tap-holder, a cap-nut ¢, and a
lock-nut d. Fiber washers ¢ are placed on each side of the
friction socket flange and nut ¢ is tightened until there is just
enough friction between parts ¢ and b to drive the tap under
normal conditions. If the tap should encounter unusual resist-
ance or strike the bottom of a blind hole, it will slip instead of
break, provided nut ¢ is not set up too tight.

With the frictional tapping collet illustrated in Fig. 4, the
frictional resistance is obtained by means of a tapered plug A,

§ W;/ —
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Fig. 4. * Wizard " Friction-drive Tap-holder

which is drawn into a fiber lined hole of corresponding taper
by a differential screw B. As the illustration shows, the nut
for making the adjustment is threaded internally and externally.
These threads vary in pitch so that a sensitive and powerful ad-
justment is obtained. This frictional collet (which is the prod-
uct of the McCrosky Reamer Co., Meadville, Pa.) is used in
the quick-change collet chuck illustrated in Fig. 9 and described
later. By supplying collets for the different taps that may be
required in succession on the same job, each size tap may have
its own friction properly adjusted, in order to avoid readjusting
the friction for different sizes.

The Woodstock safety tapping chuck (made by Peter Bros.
Mfg. Co., Algonquin, Ill.) is arranged to hold the tap by the
square end of the shank only, between the jaws A (see Fig.
5). These jaws are located in a slot in the friction cone B,
which prevents them from turning except with the cone. A
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various other designs of tap-holders in both non-releasing and
releasing types, many of which are similar to die-holders.

In many shops it is the practice to use non-releasing hold-
ers on automatic screw machines, and the releasing type on
turret lathes or screw machines which may be reversed by
hand, especially if a thread is to be cut close to a shoulder.
The reason for using a releasing holder on a machine that is
reversed by hand is to prevent breaking the tap by allowing
it to revolve with the work after being fed in to a predetermined
depth. If the holder were non-releasing and the machine were
not reversing at exactly the right time, the tap might be broken
or the thread damaged.

[ Machinery
Fig. 7. Errington Friction Tap-holder of Releasing Type

Tap-holders of Quick-change Type. — When tapping opera-
tions are performed on drilling machines in connection with
drilling operations, chucks are often used that are arranged for
holding either drills, taps or other tools interchangeably, and
these chucks or holders are so designed that a drill may be
quickly replaced by a tap, or vice versa. Whether it is advis-
able to drill all holes to be tapped and then rehandle the work
for tapping may depend upon the size of the casting or forging
and the relation between the tapping and other operations.
When tapping duplicate pieces on a drilling machine that are
too heavy to adjust or center themselves with the tap, or when
the work is clamped in position, it is common practice to drill,
tap, and possibly insert a stud in the tapped hole, in one series of
operations, instead of rehandling the parts for tapping. It is
for operations of this kind that the quick-change chucks, col-
lets, or holders for drills, taps, etc., are of especial value.
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keeps it normally in the closed position. A thin sleeve is screwed
over the slotted portion of the collar merely to cover up the slots
and screw. A slight resistance to the motion of the collar, such
as, would be caused by grasping it with one hand while the
spindle is in motion, opens the slot in the chuck so that a collet
may either be inserted or allowed to fall out of the chuck. The
spring previously referred to then throws the collar back to the
closed position, which serves to lock the collet into place. A
friction drive tapping collet for use with this chuck is shown at B.
The particular collet illustrated is intended for the Beaman &
Smith style of tap shank. The collet illustrated at C is pro-
vided with a Morse taper hole and is intended for holding a tap
drill or other tool having a tapered shank. The collet is one
solid piece of steel, and it will be noted that the upper end has a
conical point. The upper end of the slot in the chuck 4 is
angular, and this tends to force the collet upward so that it is
accurately centered by the conical end which engages a seat in
the chuck. This collet is so made that it bears in the chuck only
on the taper end and on that part of the collet between the
driving lugs and flange. This flange or collar is convenient
when pushing a collet up into the chuck or when catching it
when released. The collet shown at C is held rigidly in the
chuck, whereas the form illustrated at D has a floating move-
ment.

The type of quick-change tool-holder illustrated at 4 and B,
Fig. 10, which is the product of the Errington Mechanical
Laboratory, New York City, is intended for use with a fric-
tion ““ slip-chuck ”” C, or an automatic reverse chuck in case the
drilling machine is not equipped with a tapping attachment.
The two driving pins seen on the lower face of the chuck have
retaining collars or flanges at the end and engage holes in the
flange of drill-holder A, or holes in the body of the tap-holder B
when either the drill- or tap-holder is in use. A tool-holder can
be inserted in the chuck by simply pushing it up into place, or it
can be removed from the chuck while the spindle is revolving by
depressing a releasing spring. The automatic-reverse chuck re-
ferred to is arranged to reverse the motion for backing out the
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tap. This chuck is arranged to receive the quick-change tool-
holders, and may be locked for drilling by pulling out a slide.
When tapping, this slide is pushed in, which enables the motion
of the tap to be reversed, the same as when using the regular
automatic-reverse tapping chuck. The chuck with the pin drive
is adapted especially for the heavier classes of tools. For com-
paratively light weight tools that can safely be dropped out of
the socket, a ball-drive chuck is recommended. The shank of
this chuck is bored out to receive the tool-holding socket, which

B C
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Fig. 10. Errington Drill-holder, Tap-holder, and Quick-change
Chuck of Frictional Pin-drive Type

has concave crosswise grooves near the upper end which are
engaged by the two driving balls. When a sliding sleeve is
raised the balls fly outward, thus releasing the tool socket. As
soon as another socket is inserted in the chuck, the sleeve is
lowered and an inner beveled surface on it forces the balls in to
the driving position. Tools may be inserted or removed while
the spindle is in motion.

Sliding-collar Type of Quick-action Chuck.— The quick-
action chuck shown in section in Fig. 11 is operated by raising
or lowering a sliding collar, for inserting or removing a tool-
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holding collet. The taper shank A enters the machine spindle,
the collet B holds the tap or other tool, the two keys or “ pawls ”
C drive the collet by engaging the slots shown, and the sliding
collar D either holds the pawls C in the driving position or allows
them to move outward in a radial direction for releasing the
collet. The sectional view shows the driving pawls in the out-

Machinery

Fig. 11. Sectional View of Quick-action Chuck with Operating
Collar in Position for Releasing or Inserting Collet

ward position to permit inserting or releasing a collet. When
the sliding collar is pushed downward, the pawls come into con-
tact with a conical surface and are forced inward to the driving
position, as indicated by the dotted lines. This chuck is manu-
factured by the Quick-action Chuck Co., Grand Rapids, Mich.
The collet with its tap, drill, or other tool may be inserted or
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Fig. 13. Scully-Jones Tap Chuck

removed from the chuck while the machine spindle continues to
revolve.

Socket or Collet Type of Chuck. — The tap-driving chuck
shown in Fig. 12 is formed of one piece of steel and is without
retaining screws, pins, or other separate parts. This chuck is
practically a collet or socket having four slots extending in a
lengthwise direction to allow enough contraction of the chuck
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direct speed, whereas the reversal of motion may be used for
backing a tap out of the hole after the tapping operation.
The tapping may also be done at a slow speed and the tap
backed out at a higher speed. This attachment is made by
the McCrosky Reamer Co.
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spiral or dividing head the same as when performing any helical
or spiral milling operation. The spiral head is geared to the
lead-screw of the machine for traversing the table and work a
distance per revolution corresponding to the lead or pitch, and
the cutter is held and driven by some attachment such as a
vertical spindle, universal or spiral milling attachment, the align-
ment of the cutter with the thread groove being obtained either
by swiveling the work-table or by adjusting the cutter driving
attachment. While this method is commonly employed for a
variety of helical or spiral milling operations, its application to
thread milling is largely confined to the milling of worms or rela-
tively short screws of coarse pitch, especially when such work is
not done on an extensive scale. A

The second general method of milling threads on ordinary
milling machines is by equipping the machine with a special
attachment designed for this work exclusively. These attach-
ments are usually designed for milling threads on duplicate
parts in connection with manufacturing, and they are arranged
to hold the work and rotate it along a helical path while a cutter
held either directly in the machine spindle or on an ordinary
arbor mills the thread groove. The simplest form of attach-
ment consists principally of a base or frame which carries a
spindle and a lead-screw connecting either with a hand crank or
some combination of gearing for imparting a rotary motion to
the spindle and work.

A fixture intended for milling threads of fine pitch, especially
in materials that are easily cut, may have a hand crank attached
directly to the end of the work-spindle. With this arrange-
ment, as the crank is turned, the lead-screw which passes through
a nut attached to one of the fixture bearings causes the work to
advance at the proper rate for milling a thread. The lead-screw
is a duplicate of the thread required, as far as its lead or pitch is
concerned. While such a fixture may be used for the lighter
classes of work, in general it is preferable to transmit motion to
the work-spindle through worm-gearing. The worm-wheel may
be carried by the work-spindle which is splined to permit end-
wise movement through the worm-wheel, whereas the hand


















CHAPTER XII
THREAD ROLLING

THE rolling process of forming screw threads may be defined
as an impression or displacement method, since the thread
grooves are not cut by an edged tool but are formed by means
of a die or roll having threads or ridges which are forced into
the metal and, by displacing it, produce a thread corresponding
to the required shape and pitch. The plain blanks upon which
threads are to be rolled are somewhat smaller in diameter than
the finished thread, because the rolling process displaces a cer-
tain amount of metal which is forced up above the original sur-
face of the blank, thus producing a screw thread which is larger
in diameter than the original blank. The increase in diameter
is approximately equal to the depth of one thread. No material
whatever is removed by the rolling process, the metal from the
depression formed by the die simply being forced up on either
side.

Screw threads may be rolled (1) by using a circular disk or
roll having a threaded periphery or (2) by rolling the blank be-
tween dies which may be either flat or circular in form. A
circular roll is employed when screw threads are rolled on auto-
matic screw machines or turret lathes, and the dies referred to
are used when thread rolling is done by machines designed
exclusively for this work. Thread rolling is done in automatic
screw machines when a thread is required behind a shoulder or
other intervening part, which makes it impossible to cut the
thread by using a regular thread-cutting die. The advantage
of rolling the thread in such cases is that a second operation is
avoided. The important commercial application of the thread-
rolling process is found in the shops and factories using the
machines designed especially for this work. These machines
are extensively employed in certain lines of manufacture for
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justed toward or away from die A as may be required by the
diameter of screw thread to be rolled. The moving die is shown
at one end of the stroke. As die'A moves toward the left, the
blank to be threaded is pushed between the two dies by the
starter E. This starter or push-finger ordinarily is operated by
an adjustable cam which transmits motion to it through a
mechanism so arranged that either a positive or yielding pres-
sure may be given to the blank as it enters between the dies.
At the starting end of die C there is a short blank space which
is cut down level with the bottom of the grooves in the rest of
the die face. This space provides room for inserting a blank
and enables another blank to be placed in position as soon as

[
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Fig. 6. Plan View of Thread-rolling Dies

Machinery

starter E has withdrawn far enough, without danger of the second
blank being dragged in by the moving die before the latter is in
position to receive it. It is essential to have the dies properly
located relative to each other, and the action of the starter must
also be timed so that the blank is pushed forward at the right
_ instant.

Adjustment or Timing of Blank Starter. — The blank starter
on the Manville machines is set by first placing the moving slide
at the extreme end of its stroke towards the right and then
moving it forward about one-eighth inch. The starting cam is
then set on its highest point and the starter is adjusted endwise
until its end is in line with the ends of the threads on the station-
ary die. After these approximate adjustments have been made,
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ranged in annular or parallel rows that are perpendicular to the
cutter axis. When the parallel grooves are being milled in the
face of a die, the latter must be inclined relative to the cutter, so
that the angle a, Fig. 23, of the groove will correspond to the
helix angle of the screw thread at the pitch diameter. The
tangent of this angle equals the pitch of the thread divided by
the circumference of the blank to be threaded, which corresponds
approximately to the pitch circumference of the screw.

CENTER LINE OF
[ MACHINE SPINDLE

Z3 LINE OF TRAVEL
OF MILLING
OR HOB P -P CUTTER

1

PLATE FOR LAYING OUT
ANGLE OF THREADS

h
MILLIN a\ MACHINE

'SE

Machinery

Fig. 23. Plan View illustrating how Teeth of Flat Thread-rolling
Dies are milled

The angle may also be determined without calculation in the
following manner: Multiply the circumference of the blank to
be threaded by any number that will give a product cqual to
approximately three times the length of the die, and lay off this
distance x, Fig. 23, along the edge of a parallel strip or plate
which is clamped in the machine vise. The outline of this par-
allel strip is indicated by the dotted lines in the illustration.
The pitch of the thread is next multiplied by the same number
previously used to obtain dimension x, and a dimension y equal
to the product is laid off at right angles to the parallel strip. A
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- degree larger than the angle of the die teeth. Aside from this
modification of the angle, the teeth or ridges are of the same
cross-sectional shape as the corresponding thread groove.
Thread Rolling in the Screw Machine. — The circular thread-
ing roll or disk that is used when threads are rolled in an auto-
matic screw machine or turret lathe has a thread on its edge or
periphery which corresponds as to shape and pitch with the
thread to be rolled, and this roll is forced against the screw
blank while the latter is revolving. Fig. 24 illustrates how a

Machinery

Fig. 24. Methods of rolling Screw Threads on Automatic Screw
Machines

circular roll may be applied. The unthreaded blank is held in
the machine chuck and revolves about its axis. In screw ma-
chine practice, the threading roll 4 is usually mounted in a
holder attached to the cross-slide of the machine. The roll is
mounted on a pin or bolt so that it is free to revolve when brought
into contact with the rotating piece to be threaded. A thread
is formed (in this case on surface B) when the roll is forced
against the work with sufficient pressure to leave an impression
of its thread.

The roll may be presented to the work in either a tangential
direction, as illustrated at C, or radially, as shown at D. A
satisfactory thread may be rolled in either way. When the roll
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2. The resulting increase of frictional resistance causes the roll
to revolve still slower. On the contrary, if the roll is a little
smaller in diameter than the work, so that it rotates faster, the
roll tends to move in the opposite direction, as indicated by the
arrow y. If this movement occurs and the roll presses against
the side of the holder, thus increasing the frictional resistance,
this tends to reduce the speed and cause the roll and work to
rotate together properly; consequently, with the roll running a
little faster than the screw, any difficulty from side thrust is
cared for automatically, because then the driven roll tends to
move axially in a direction opposite to that in which the screw
thread on the work would naturally force it.

Calculating the Threading Roll Diameter. — The outside diam-
eter of the threading roll may be determined by the following
rule: Multiply the depth of a single thread (corresponding to
the pitch of the thread to be rolled) by 1.25; subtract the prod-
uct from the outside diameter of the required thread, and mul-
tiply the difference by the number of threads or “ starts ”’ on the
thread roll. This rule is embodied in the following formula:

R=N(S -1.25D) (1)
in which
R = outside diameter of roll;
N = number of starts or threads on roll;
S = outside diameter of finished screw thread;
D = depth of a single thread.

~ To illustrate the application of the rule and formula, suf)pose
a roll is required for a §-inch U. S. standard thread. Then
S = 0.625 inch, and D = o.059 inch. 0.625 — 1.25 X 0.059 =
o0.5513 inch, which would represent the diameter of the roll, if it
were made with a single thread. Such a roll, however, would be
too small and the diameter would probably be doubled, which
would make it necessary to use a roll having a double screw
thread. In that case, diameter R = 2 X (0.625 — 1.25 X
0.059) = 2 X 0.5513 = 1.100 inch, approximately.

The following method of determining the roll diameter has.
been used successfully by a prominent manufacturer of auto-
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. _ tan 3o degrees _
angle 6o degrees, tan a = cos 15 degrees 0.5977, and the

angle a, 30 degrees 52 minutes; therefore, the tool is ground to
an included angle of 61 degrees 44 minutes in a plane at right
angles to the front edge, in order to obtain an angle of 60 degrees
in the plane of the top face.

The end surfaces of the block are parallel with the tool-hold-
ing slot which is inclined to correspond to the front clearance
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Fig. 6. Showing Inclination of Sides of Holder Relative to
Thread Tool

angle of 15 degrees. Just above the tool there is a vertical sur-
face which is simply to provide clearance for the wheel when
grinding the top face. This block is formed of twc sections
which are held together by screws and dowel-pins. The joint
between the two sections intersects the tool-holding slot and is
parallel with the end surfaces.

Making Screws for Scientific Instruments. — The most accu-
rate screw threads that it is possible to produce are those re-
quired for scientific instruments and especially for the apparatus
used in connection with astronomical observations. Even a
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scale mark should remain in the same position in the field of the
microscope. Any shifting of the scale mark indicates an error
in the screw, but it will only show the difference in pitch of the
screw at the two places on which the nuts engage.

The most accurate and reliable method of testing the errors
of a screw, or of measuring any small unit of length, is based on
the application of interference of light waves. The instrument
used for testing by this method is known as an “ interferometer,”
and it is the means of obtaining the most accurate results in
length measurements. In the shops of William Gaertner & Co.,
an instrument is used which represents an application of the
interferometer principle. This instrument (described in Ma-
CHINERY, June, 1917, page 854) does not indicate the actual
amount of error existing at each point on a screw thread, but it
does afford a rapid method of determining whether the max-
imum error exceeds that which is allowable. As this is all the
instrument maker is interested in, the interferometer method is
much quicker and less expensive than testing each screw by the
tedious micrometer-microscope method to which reference has
been made.






CHUCKS — ERRORS

Chucks, frictional tapping, 170
friction-reducing tapping, 180
quick-action, sliding-collar, 178

Clearance or relief for tap cutting edges,

157

Collapsing taps, advantages, 140
Geometric, 143
M.E.C, 146
Murchey, 145
“Namco,” 141
resetting, 147
Victor, 144 .

Collet holder for spring-screw die, 75

Collet or socket type of tap chuck, 179

Combination die, Murchey, 1or

Combination tap and die, 150

Combination tapping and boring tool,

151 .
Compensating for lead-screw errors, 323
Compound gearing for thread cutting,

41
Compound rest used for multiple thread

cutting, 21

“ Con-eccentric”’ relief, 158

Core diameter of screw, 6

Crest of thread, 6

Cutter, multiple,

threads, 229

of staggered tooth type for thread

milling, 249

single, used for milling threads, 227

Cutter rotation, dircction of, for thread

milling, 231
Cutting speeds for threading dies, 114

used for milling

Definitions of screw threads, s
Diameter, effect of, on method of cut-
ting thread, 234
of blanks for thread rolling, 283
of circular threading roll, 316
of hole before tapping, 159
of screw threads formed by rolling,
307
Die and tap, combination, 150
Die- and tap-holders, 165
Die chasers, grinding throat of, 124
rake angles, 128
threading, steel for, 134

339

Die-cut screw threads, causes of lead
errors, 102
Die-feeding movement, positive control,
106
Die-holder, collet type, for spring-screw
die, 75
for acorn die, 75
releasing and non-releasing, 166
Dies, combination, Murchey, 1ox
effect of chaser throat relief on action,
123
effect of diameter adjustment on lead,
104
flat, used for rolling threads, 280
for cutting square threads, 113
for cutting taper threads, 108
maximum pitch of threads cut with,
107
method of making flat thread-rolling,
312
non-opening, removal of, from work,
78
non-opening, types of, 73
self-opening, types of, 80
taper-threading self-opening, 109
thread-cutting, and their application,
71
thread-cutting, chasers, 118
threading, cutting speeds, 114
Disk, revolving steel, for forming
threads, 34
Drilling machine attachment, for cut-
ting threads, 68
Drilling machines, tapping mechanism,
187
Drills, tap, diameter of, 159

Effective diameter of screw, s
Ejector of thread-rolling machine, 2go
Engine lathe, quick-threading attach-
ment, 49
thread milling attachments, 276
Errors, in lead in die-cut screw threads,
causes, 102
in lead-screws, compensating, 323
in tapped holes, causes, 135
lead and diameter, in tapped holes,
161
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Errors, periodic and progressive, in
screw threads, 322

Feeding mechanism, automatic, of
thread-rolling machine, 291

Feeds and speeds for thread milling, 243 .

Fixtures for thread milling, hand-

operated, 274
work-holding, for tapping, 211

Floating movement for die-holders, 165

Flutes, tap, forms of, 152

Forms of screw threads, 6

Fox_thread-chasing attachment, 54

French and international standard
thread, 12

Frictional tapping chuck, 170

Friction-reducing tapping chuck, 180

Garvin tapping machine, 190, 195

Gearing, compound, for thread cutting,
41

Gears, transl.ting, for metric pitches, 43

Grinding accurate screw threads, 325

Grinding and cutting precision screw
threads, 322

Grinding attachments, thread, for lathe,
328

Harvey grip thread, 12

Heavy-duty tapping machines, 197

Hobbed chasers, 118

Hobbing method of thread milling, 276

Holder for grinding thread-cutting tools,
329

Indexing for multiple thread cutting, 21
Indicator, thread, principle of, 19
used for multiple thread cutting, 23
Internal thread cutting, on automatic
lathe, 38
operations, 27
Internal thread milling machine of
single-cutter type, 255

Lathe, adjustment of, for taper thread

cutting, 26
automatic, internal thread cutting on,

38

ERRORS—MULTIPLE-SPINDLE

Lathe, automatic threading, 35
automatic .threading, controlling
mechanism, 37
automatic threading, cutting tools, 36
automatic threading, taper and re-
lieving type, 39
engine, quick-threading attachment,
49
screw-cutting, change-gears, 40
thread cutting in, 14
Lathe attachinents, thread-grinding,
328 .
Lead and diameter errors in tapped
holes, 161
Lead errors in die-cut screw threads,
causes, 102
Lead of screw thread, 5
Lead-screw errors, compensating, 323
Lead-screws, direct-acting, 52
for coarse pitches, 45
for threading machines, 218
Left-hand threads cut with chasing at-
tachment, 57
Lowenherz thread, 13

Machine screw blanks for thread roll-
ing, 311 ’
Maximum pitch of thread cut with dies,
107
Metric pitches, change-gears for, 42
translating gears for, 43
Milled chasers, 119
tangential type, 120
Milling machines, standard, thread mill-
ing on, 272
Milling screw threads, 227
with multiple cutter, 229
with single cutter, 227
Monitor lathe thread-chasing attach-
ment, 54
Multiple-cutter thread milling method,
application of, 236
Multiple screw threads, methods of cut-
ting, 20
Multiple-spindle semi-automatic tap-
ping machine, 202
Multiple-spindle tapping machines,
200



MULTIPLE THREAD — SCREWS

Multiple thread cutting, by using indi-
cator, 23
indexing, 21
"Multiple threads, 6
milling, 232
Multiple tool for cutting multiple
threads, 24

Non-oollapsing taps, 136
removal of, from hole, 139
Non-opening dies, removal of, from
work, 78
types of, 73
Non-releasing and releasing die-holders,
166
Non-releasing and releasing tap-holders,
172
Nut-tapping machines, 204
semi-automatic, 205

Oldham coupling type of tap-holder,
181

Originating a precision screw, 323

Oscillating tapping attachment, 183

Periodic and progressive errors in screw
threads, 322
Pipe thread, Briggs standard, 12
chasers for cutting smooth, 131
Pitch, attachments for changing, 47
coarse, lead-screw for, 45
effect of, on method of cutting thread,
234
obtaining slight variations, 46
of screw thread, 5 .
of thread cut with dies, maximum, 107
Pitch diameter of screw, 5
Positive control of die-feeding move-
ment, 106
Precision screws, for scientific instru-
ments, 331
originating, 323
re-cutting operation, 333
testing, 335
Precision screw threads, cutting and
grinding, 322
Progressive and periodic errors in screw
threads, 322

341

Quick-action chuck, sliding-collar type,
178

Quick-change tap-holders, 174

Quick-threading attachment for engine
lathe, 49

Radial type tapping machine, 198
Rake angles, for die chasers, 128
of chaser, maintaining, when grind-
ing, 129
Rake of tap cutting edges, 154
Reaming action with tap, cause of, 157
Releasing and non-releasing die-holders,
166
Releasing and non-releasing tap-holders,
172
Relief, “con-eccentric,” 158
of chaser throat, cffect of, on actior of
die, 123
or clearance for tap cutting edges, 157
Reversing and variable-speed attach-
ment, 185
Reversing tap chucks, 182
Rolled thread, regulating length, 299
Rolling screw threads, 279
advantages of process, 309
determining blank diameters for, 283
diameter which can be rolled, 307
flat dies used for, 280
in automatic screw machine, 315
rate of production, 308
use of process for finishing, 321
Root diameter of screw, 6
Root of thread, 6
Rotary thread-rolling machine, 305

S. A. E. standard screw thread, 13
Scientific instruments, screws for, 331
Screw-cutting lathe, change-gears, 40
Screw machine used for thread rolling,
315
Screws, angle diameter, §
core diameter, 6
effective diameter, 5
for scientific instruments, 331
of large lead, attachments for cutting,
41









344 THREAD — WORM

Thread milling machines, 246
advantages of, 235
classes of work used for, 232
internal, of single-cutter type, 255
Lees-Bradner, 250, 261
Moline, 252
Pratt & Whitney, 247
Reed-Prentice, 269
Smalley-General, 266
Taft-Peirce, 257
Thomson, 264
Waltham, 254
Thread milling method, multiple-cutter,
application of, 236
Thread rolling, 279
between flat dies, 280
determining blank diameters for, 283
diameter of circular roll, 316
in screw machine, 313
positions of flat dies to work, 282
Thread-rolling dies, method of making
flat type, 312
Thread-rolling  machine,
feeding mechanism, 291
ejector, 290
rated capacities of, 307
reciprocating type, 286
regulating length of rolled thread, 299
rotary design, 303
side-feed type, 302
vertical design, 303
with feeding mechanism for headless
blanks, 297
Thread-rolling process, advantages and
range, 309
Thread rolling stock, 312
Threads, cut with dies, maximum pitch,
107
finished by grinding, 325
finished by rolling, 321
formed by revolving steel disk, 34
milled close to a shoulder, 238
Threads, multiple, milling, 232
on pipe, chasers for smooth, 131
rolled, regulating length, 299
square, cut with dies, 113
square, tapping, 160
taper, cut with dics, 108

automatic

Thread tool, adjusted by compound
rest for multiple threads, 2x
adjusted by shifting carriage for
multiple threads, 22
for cutting Whitworth threads, 32
methods of feeding inward, 17
multiple, 24
position of, for taper threads, 25
return of, for successive cuts, 18
single-point, position of, 15
Throat, chaser, effect of relief, 123
chaser, or chamfer, angle of, 121
die-chaser, that is ineffective, 123
of die chaser, grinding, 124
Time required for rolling screw threads,
308
Tool point, width of, for cutting square
threads, 30
Torsional strain, effect of, on method of
cutting threads, 234
Translating gears for metric pitches, 43
Trapezoidal thread, 13
Turret lathe, Acme flat, thread-chasing .
attachment, 67
Gisholt, thread-cutting mechanism,
61
Hartness flat, thread-chasing attach-
ment, 65

United States standard thread, 8

United States standard thread tool,
testing width of end, 29

Upright tap-threading machine, 223

Variablc-speed and reversing attach-
ment, 185

Vertical boring mill, thread cutting on,
69

Vertical-spindle tapping machines, 195

Vertical-spindle threading machines,
222

Vertical thread-rolling machine, 303

V-thread, ¢

Whitworth standard thread. 1e
Whitworth threads, tools for cutting, 32
Worm milling machine, Bilton. 270
Worm thread, 11
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